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4 A vebne & Porter, L* 


——- 


S team 
Road Rollers & "Tractors. 


umford, L 
CULVER STREET WORKS, COLCHESTER. 
Ow ADMIRALTY ayy Wark Orrice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 
See Advertisement, pages 25 and 29, last week. 


PATENT WATER-TUBE BOILERS 
AUTOMATIC FEED REGULATORS, 


And Auxiliary Machinery as supplied to the 
‘Admiralty. “ 2179 


J ohn H, W itsonaCo., Ltd., 
Birkenhead. 


See Illustrated Advertisement Page 100, Jan. 28, 1931. 


Locomotive Shunting Cranes 


Steam and Eitectric Cranes, 


EXCAVATORS rt a ae GRABS, 
CONOCRETE-MIXE: 


SHIPS’ WINDLASSES WINCHES, and 
DECK MACHINERY. 


List oF STANDARD SIsEs ON APPLICATION. 
London Office: 15, VICTORIA STRERBT, 8.W.1. 
SPECIFY WELDLESS STHBL CHAIN. 


hes Ser aie hain 
IN — 

Sole Manufacturers DLBSS Soares. Lep., 
_ 8, tte on STReer GLASGO 


ank Ldcaudiicen: 




















Specification and Workmanship equal to 
Main Line Le~omotives. 
R. & W. HAWTHORN, LESLIE & CO., Lrp., 
EvGOFeERs, NxWOASTLE-ON-TYNE. 
, Gpencer- Fo wood” Patent 
ilers. ““2e"i* 
SPENOER - BONECOURT, Lrp., 977 
Parliament Mansions, Victoria St., London. 8.W. 
EK ans and Blowers.— 
Ww al pared to reserve trade 
conmetodinns: ns cay to Mee resulting from intro- 


duction to new firms interested in hr’ 

of Fans and Blowers ae oud simiitiooinn 

and ventilating, 
raction, 


ext blast e forge bane 

poosmense conveyance of Hien materials.— 
*ROGRESSIVE ENG iG sae — 
LIMITED, Leicester. 


* 


[Re J. lag ML Mech.E., 


as: 





= py ne 
Great Bastern Read, Bonthorae 








Brett's Patent [jit Co. 
Hammers, Fresse Ersees Furnaces, 
& Co., Tad., 


ENGISHS FOR 
a Poa ATR 
ENGINES. 1896 


Tanes.—. 
ine on Electro, Steam, 


and sizes. 
GRORGE qnusdact a Se Lrp 





poe 





‘a8 


Waldices-Siest Tubes | 
bua tae MSL on 


tng aut "to 





YARROW * Gis8i@ir.*?” 


PASSENGER AND CARGO STEAMERS, 


SHALLOW DRAFT YVRSSELS. on 


(Sampbells & enter. 4. 
: SPECIALISTS IN 
Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 4547 


'V OSPER | & & Co. Lop. 


SHIP & LAUNOH BI BUILDERS, | ee 
BNGINEBERS & BOILER MAK 








‘Re les Limited, 
rp RES 


IRLAM, MANCHESTER. 
FERD WATER HEA 

Perak fe Row’s 
coNDINSIIS HEATERS PaTEnts 

AS KETTLES, 
wey TWIN STRAINERS 
SYPHONTA STHAM REDUCING VALVES 
BTRAM FITTINGS. 


GUNMBTAL 
ATER gt SOPTBNING and FILTBRING. _ 5128 


IRON & STEEL 


Tare. AND Fittings 
AND 


Steel P ra tea. 
Srewiirs AND Licors, Lia. 


GLASGOW BIRMINGHAM LONDON, 
See Advertisement Page 26. 9952 





Sockraen ie an AND 
CROSS-TUBB TYPES 


Boers. 
9947 


[be Mitchell (Conveyor and 


TRANSPORTER OO., LTD., 
Cowrracrine Byeinrens. 


(Cochran 


See page 17, Aug, 11. 





—r 


DESIGNERS and BUILDBRS 
of 
all Classes of HANDLING MACHINERY. 
Atlantic 


Se Holborn Viaduct, 
London, 8.0. 1, 


Telegrams: “ Mieontraco, Cent, London.” 
Telephone: Holborn 286. 


rvhe ‘Glasgow | Raila 
Company, 


Grex: A Ow. 
London Office—12, Victoria Street, S.W. 
MANUFACTURERS OF 
RAILWAY CARRIAGE, WAGON & TRAMWAY 
H & AXLES. 
CARRIAGE & WAGON IRONWORK, also 
AST-STHEL AXLE BOXES. 
Prec E Engines, Six Cylinder, 
Four stroke, ony bed 1200 my 
excellent above 250 or 


condition. 
volts, D.C. Immediate deliv sod iow ice. 
— ee Parsons or 500 
Bony with “condensing plas ag! spare 





Blectrical 
9753 | Pumps from 
West wells to ae Tyne. 

P. & W. MacLellan, Limited, 

CLUTHA WORKS, GLASGOW, 


MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF ‘EVERY DESCRIPTION, 





‘| narLwAy IRONWORK, BRIDGES, ROOFING, &c. 


Chief Offices: 129, Trongate,Guascow. Od 8547 
Registered Offices: Clutha H: 10, Princes 8t., 
Westminster, Loudon, 8.61, 





ee & Heat Treatment. 


gg Sg H. 8. Chasers for adjustable 
, colouring, etc. ‘oon 


 taem See lara te le Work! 


9750 | 4 


sree me ae 
9142 


Fyoonomy ! 


HIGH BOILER EFFICIENCIES 
ARE OBTAINED BY INSTALLING 


Todd Qi! Brrzers 


FUEL OIL BURNING SYSTEMS, 
HEATERS, STRAINERS. 
49-51, Hastcuzar, Lonpon, BC. 3. 
TODD SHIPYARDS CORPORATION, 


Builders of Steam and Motor we Repairers, 
Hlectric Drive Installation 


Twenty-one Floating Docks, Two Gaon Docks, 
Twelve Shipways. 
25, Broadway, New York, U.S.A, 9960 
me. ’ 
€€ 8 wyaro-Pn: 


~ eo Ash Ejector. 

Great saving of labour. Ne noise. Sane No 
20 ft. clear of vessel.—Apply, 
R, Lrp., Naval Archi. 


r Bldgs., 7 a 








ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


London Office: 101, LEaDEWHALL Sr. 3. 
Works: BURNT ‘MLL, near Hantow, — 


and a Distt 
Faves and Toe-Mafog Mach Machinery. 


Frou Water Distillers, 


Mats Feet bom Ketin 
Doubined = g and Air Pumps. 
Auxiliary Surface Condensers. 


J 


wi and d Tracings of : 
pa gm =a ivobarout & BONS, 31, {West Park 








S. H. HEYWOOD & Co., Lrp., 
Reddish. 





Tux Giaseow Rotiine Stock anp Piawr Works. 


urst, Nelson & Co., Lid., 





"Par. De . 
a B. & S. 9911 ‘Massey, | Ltd ! 





“YY ARROW * “Gisbaow, 
LAND AND MARINE 


YARROW BOILERS. 


ohn ellamy imited, 
J 3 an vedi 
Guwenat ComsravorionaL ENGINEERS. 


Boilers, Tanks & Mooring Buoys 
Strizs, Pernot Tawxs, Am Reocrrvers, Steen 
Curmyeys, Riverrep Srxeam and VENTILATING 
Hoppers, | ge Figs» REPAIRS OF 





PIPEs, 





RAILWAY AND TRAMWAY ROLLING @ STOOK. 


urst, AJ elson & (o., J td. 
+ Nan espe meee” 


He Wrightson & Or» 


LIMITED. 





See Advertisement page 54, Aug, 11, 


(‘rane and Sling Chains u 


4in. dia. iron, also Hlectric Welded 
ate and Orab Winches for chains or ro 
acks, Patent two-speed Hydraulie Jacks, ‘Hooks, 
But wivels, Shackles, General Smiths’ Work. Teta. 1841. 
—FBLLOWS BROG., Lrv., Cradley Heath, — 








*Phene—Holb. 41. Tele—Andrubo, Holb., London. 
Axdrews & Beaumont, 
CHARTERED PATENT AGENTS, 576 

29, Southampton Buildings, London, W.0. 2. WO. 2. 


A P.. Thurston, D ‘Bo., 
. x ad on Patents, 
invention, Modein 4 and D > = mail “78 agcer 





QO, 2. Holborn’ 2542. 


Railway 


G witches “and 


rossings. 


T. SUMMERSON & SONS, LIMITED, 
Dag.ineroy, 








GOLD MEDAL-Inventions BxeIBITION-AWARDED. © 


pk AOR ‘ 
WORKS COMPANY, Lrp, 
Be Hydreuliet Ora: 


nes, Grain le aed 
See Illus. Advt, last week, page 15, 





*|Wavaoop-Orts 
Lirts. 


4 & 65, Ferren Lax, Lanpos, dnote 
62 & 63, Liowen StRerr, BIRMING 
and Principal Frovamnt 


Caitlin | 
Pott ((‘assels eyyliamon, | 


MOTHERWHLL, SCOTLAND. 





vat 
See half-page Advertisement page 12, August 4, 


Sake ammers 


Aug. ll, se 
acts riction j= 





| 











Herict- -Watt College,|, 
EDINBURGH. 


Paincrpat—A, P. Lavagre, M.A., D.S8o. 


ENGINEERING. 

Complete Diploma Courses tn MBCHANICAL 
B tot ge a ELECTRICAL ENGINEER- 
ING, and NING ENGINEERING (OOAL, 
METALLIPEROUS. OIL). 


CHEMISTRY. 

Courses for Diploma or Associateship of College in 
Organic and PMtineral Chemistry, Chemistry of 
Foods and Drugs, Metallu and Assaying, and 
Bio-Chemistry, Includin, ng ermentation ndus- 
eee Bagh. Courses in Chemistry also qualify for 
the ic. 

The Associateship of the College in Chemistry Is 
recognised by the Institute of Chem as 
exempting from Examinations for the 
ship of the Institute of Chemistry (A.I,0.). 

PHARMAOY, 

Courses for Students preparing for the Professional 
Yixaminations of the Pharmaceutical Society of 
Great Britain (‘‘Qualifying” and “ Major” 
Examinations). 

Courses in BUILDING CONSTRUCTION 

for Builders’ Olerks and Surveyors, and in 
PRINTING, for those engaged in Printing and 
the Allied Trades, 

_ Olasses open on 10th bona 


BRutran 26th + hy 





Prospectus on nme to Principal at the 


Co 
PETER MAONAGGHTON, 8.8.0., Clerk, 
Heriot Trust Offices, 
Badinburgh, 


August, 1922 wih 





| |niversity of Birmingham.’ « 
FAOULTY OF SCIBNCR. 
ENGINEERING DEPARTMENTS. 


I,.—MRECHANICAL BNGINEERING, 
Ohance Professor: F. Bunstart, M.Sc. "I 
M.A, (Cantab.), M. Inst.0, H., M.Inst.M.B 
Lecturer : . ©. Porrer, "M.Se. (Vict.), 
A.M. Inst,0.B. 
Demonstrator: 8. J. Bui, aStS.S. 
Lecturer on Machine Design: F. H. Bopgn. 
Assistant Lecturer on Machine Design : HENRY 
Baker, B.Sc. 
Il,—OCtvi, ENGINEERING. 
Beale Professor: Frepenick O, ‘Lea, M.Sc., 
D.8c. (Lond.), A.M.LC.B., A.R.O.8. 
Lecturers: R. O. Pawron, M.Sc. 
H, W. Coutras, 8.8c. 
(Vacant.) 
Lecturer on Town Planning: W. Harwoop. 
ITl.—Biecrrical BnGinkenine. 
Professor: Wiiitam Cramp, D.Sc. 
Lecturer; BE, J, Kreps, M.So., M.Inst.H.E. 
Assistant Lecturers and Demonstrators : 
O. BR. Ranpaty, B.Se, 
= Vickers, M. Bog. 
M, Harvey us 
The FULL COURSHS EXTEND OVER FOUR 
YBARS, and students who enter after Matricula- 
tion and pass successfully the examinations at the 
end of each year will BE ENTITLED TO THE 
DEGREB OF BACHELOR OF SCIENCE in 


pees. 
e SESSION 1922-28 COMMBNOEBS on 
OCTOBER 2nd, 1922. 
For detailed Byllabus of the Facult 
tioulars of Fido ge Regulations, 
Echavatery Courses, 


ees, etc, 
REGISTRAR. 


j niversity of London. 
KING'S OC COLLEGE. 
FACULTY OF ? BNGINBERING. 
Complete COURSES of STUDY, extend- 
ing over either three or four years, are 

arranged in 

CIVIL, MECHANICAL and BLECTRICAL 
ig FR nt ag 

the in, 


» with full 
ecture and 
apply to the 

U 898 





for es of the 
Daiivesstez of Loudon, and for the Diploma 
and Certificate of the College. 

The four years’ course provides, in 
addition to the Academic training, 
op meany for practical training in 


HBADS OF DEPARTMENTS. 

Professor G. COOK, D.Sc., A.M.Inst.C.B., A.M.1. 
Mech.B., Mechanical Kngineering. 

Professor A. H. JAMESON, M.8c., M.Inst.0,B. 
Civil Bugineerin, 13 
‘essor B. WILSON, M.Inst.0.8., M.1.B.B, (Dean) 
Electrical Hngtneerin 4 

Profeseor §. A. F. WHITH, M.A, 
Professor @ 8. ‘JaPFERY, ™. an De. 

Professor TOC SMILES, O.B.E., 
D.8e., F.1,0 B.S. 

Professor A. J. ALEMAND, M.C., 
D.Se., FIC. 

Professor O. W. RICHARDSON, D.Sc., ¥.R.S., 


ysics. 
Professor W. T. GORDON, D.8c., F.R.8.B., Geology. 


eoeeenie, cotenalans a com — in the 
neerin, ment. ese include a large 
eaditionst ‘braving Office, 

Laboratory 


is “Sear at | a 
—_ an 
Materials fae “the and Mechanical part- 
ments; and Resea N Rome, including Wireless 
Tel hy, in the "Blectrical Bngineering De 
ment, @ additions have been made 
equipment * the Laboratories in the three 
De mente for purposes of teaching and research. 
+] re is a College Hostel and a lores Athletic 


neering 


Mathe- 
matics. 


Chemistry. 


For full information apply to: 


THE 8 ™ 
King’s 


lege, Strand, W.O. 2, 


~| may be admitted to Special 





Vice-CHANncetionr : 
SIR HaNEY ‘MADow, ¢ C.B.E., M.A., D.Mus. 


DEP. NTS OF MBCHANI 
BLBOTRICAL xp ULV IL ENGINEERING, 
METALLURGY, MINING, FUBL TECHNOLOGY 
axp GLASS THOHNOLOGY. 


PROFESSORS. 
ary 5 me ok Ripper, 0.H., D.Bng., 
—O, H. om, D.8c., Ph.D., F.1.0, 


mt 
a arate -, diUSBAND, F.R.C.Se 


Fld nae woke “M.Inst.C.B. 
V. Wueeter, D.Sc., P.1.0, 
Glare Techuoleny—W. 8. 5. Tunwen, O.B-B., D.Bc., 


F.Inst.P. 
Chemistry—W. P. Wynwe, D.Sc., F.R.S., F.1.0. 
Ph . R. Mitwen, D.Sc., F.R.S., F.Inst.P. 
Geology—W. G. Freaansipes, M.A. 


Electrical Bngineering—E. H. Crapper, M.Eng., 
M.L.B.B. urer). 
Mathematics—C, A. Orxwanr, M.A. (Lecturer), 


The Courses in the DEPARTMENT OF crags 7 
BERING extend over three or four 
Bre students to become amide letra 
l,or Mini: ee or specialists 
Technology, or Glass Technology. 
The Courses inthe DEPARTMENT OF METAL. 
seh da pied a period of three or four years and 
ts for positions of responsibility 
Pither ( (yin Kron Iron and Steel manufacture; or (2) in 
the Non- Metallurgical Industries. 
The LECTURE COURSSS in all the De 
are supplemented by Practical Trainin 
tories and Workshops, which are fully ‘cuulaped 
for the purpose of advanced scientific teaching, 
investigation, and research 
Part time courses are arranged for students who 
desire to take special portions of any of the regular 


urses. 

In Mining Engineerin 
Courses in Mechanical an 
and in Glass Technology, arrangements are C) 
to enable students, who come to the University 
from Works or Collieries, to take six months’ 
courses of study at the University and six months’ 
practice at the Works or Colliery each year for s 


a “i four 
ax —— ULE © COURSES commence OCTOBER 

Tne TECHNICAL LABORATORY COURSES 
commence SHPTEMBBR 26th, 1922, 

For further details of the Courses and for partic- 
ulars of the Degrees, Associateships, Diplomas and 
Certificates awarded on their successful com pletion, 
application should be made to wo 

W.M. GIBBONS, Registrar. 


niversity of London. 
UNIVERSITY COLLEGR. 
FAOULTY OF ENGINEERING. 
THE SESSION 1928.28 BEGINS ON MONDAY, 
OOTOBER 


ments 


and in certain of the 
Blectrical Engineering, 





The Faculty of Engineering com prises 
following Departments :— 
mek dnp ee BNGINESRING. 
. Comer, M.A., ., F.R.S., M.Inst.0.B. 


ean). 
H. Deans, M.A., M.Inst.0.B. (Railway Bngi- 


neering). 

oO. Passes O.B.E., D.Sc., A.M,Inst.C.B. (Re- 
inforced Conorete). 

Brysson Cunnincuam, D.Sc., B.B., F.R.S.E., 
M.Inst.0, (Waterways, Harbours and 


Docks). 
ELECTRICAL ENGINEERING. 
e * Fuiemine, M.A., D.Sc., F.R.S. (Vice-Dean). 


©. Hawkins (Electrical Desi 
MUNIOIPALENGINEBHING AN SURVEYING. 
M.T. M. sBy, M.Inst.C.8.1. 
eas AND VENTILATING BNGINEERING. 
A. H. Barker, B.A., B.Sc. 
PHYSICS. 
Sim sce Brae@e, K.B.H., M.A., D.8c., 


THERMODYNAMICS, 
A. W. Porrrr, D.Sc., F.R.S. 
GENBKAL AND PHYSICAL CHEMISTRY. 
F. G. + aia A., Ph.D., D.8e., 


F.1.0., F.R 8. 
ae MATA BEMATICS. 
Fiton, M.A., D.Sc., F.R.S. 


L. N.G. F 
MATHEMATICS. 
M.J ey. , 8c.D,, F.B.S. 


the 


. M. Hirt, 
BOONOMIO jg 


J. Gaw 8c.D., F.R.S. 
HYGiRNE AND. SUBLIC HEALTH. 
H, . a U.M.G., M.B., D.P.H., F.C.8., 


DEGREE AND DIPLOMA COURSBS. 

Students desirous of entering the Faculty of 
Ditlows Os with a view to taking a full Degree or 
Diploma Course, must have passed the Matricula- 
tion <2 ep mpe or some other Bxarmination 
accepted in ite s 

ER, 

ents who have a y undergone a 
training elsewhere, and who fo attained a 
sufficient standard, may enter for a cours occupy- 
idg less than three years, and may obtain a General 
Certiacate of Engi ng ater not less than two 
consecutive sessions attendanc 

POSTGRADUATE " WORE AND RESEARCH. 

Graduates in Science or Engineering, or students 
who bave done the work equivalent to a degree, 
urses of Study, or to 
prosecute nal research. 

ENTRANCE SCHOLARSHIP. 

A Gonpsmip Enrrance ScHoLarsuiP, tenable in 
the Faculty of Bugineering, value £90, will be 
competed for in September next. Application for 

eutry forms must be made not later than 
SEPTEMBER . 
ADMISSION. 


ay ore Students should communicate with 


niversity | of Bristol. 
FACULTY OF BNGINERRING. 


Dean: Professor J sarnnurre, B.A DS D. a 
The SANDWICH son Ba 


training for the B.Sc DEGREE in ENGINEERING, 
combined with works ex; mee with one 

leading engineering firms in the United Kingtom. 
- pectus from the REGISTRAR, Merchant 
Venturers’ Technical College, Bristol. Ww io 





;.| Oman ments Courses for 
aot, Ses — Inst.Mech.B., London Uni 





M.Inst.0.5., M.R.S.1, F.R.S.A., “—" 

Tuition in Office. Bxcell 

Courses may commence at say time, and all 
Students receive individual! tui —For full par- 
ticulars apply to 8/11, Trarrornp OmamBerrs, 58, 
Sovrn Jouy Sraret, LIVERPOOL. 576 


[23t.C.E. Exams.—Successes 
as usual last Exam. by Correspondence Coach- 
ing, 8 Successes 1 several prizes. em 
N hg BE 


ust. OE I. Mech. E., B.Sc., 


Exsminations.—Mr.G. P 
cNOWLES, B 


AF M.B.R. A ee F.S.1,, 

ae » PREP. CANDIDA’ ATES personally 
Y" cortespondence. 

doriug 1 +4 


.W. 








may com- 
int elstees, years. Cowes St., Weatmatnster 
Tels 4780 Victoria, 
meer 


Brg Stresses. — A Civil 
ion of 


ln Instruction by Post in the 
tresses and Design of Steel and 
= map Structures.—Address, U ces 
Spansion. 
of 


52, Offi 

Powering Vessels.—A 

Practical Course of wri net mage Corre- 
spondence.—Address, for particulars terms, 
748, Offices of Enenrernine. 
P enningtons, University 

TUTORS, 254, Oxford Road, Manchester. 
stab. 1876. Enrol now for 1.0.8. and 1.M.B. Postal 
Courses, 100 per cent. passes last Exams. Reinforced 


Concrete—a new comprehensive course under 
expert engineer, £3 3s. rite for particulars. 9750 





ge 














TENDERS. 





NEW SOUTH WALES; AUSTRALIA, 
SYDNEY HARBOUR BRIDGE. 


[atending Tenderers are Here- 
by Notified that the TIMB for receipt of 
Tendess for the construction of the Rye 
and Substructure of a Cantilever ae 
Sydney Harbour has been EXTENDED by ‘the 
ew South Wales Government until ist SHP- 
TEMBER, 1923. 
T. A. COGHLAN 


nt-General tor New South Wales. 
Australia House, 
Landon, W.C, 2. 


14th July, 1922. U 191 





AUCKLAND HARBOUR BOARD, 
NEW ZEALAND. 


[lenders are Invited for the 


SUPPLY and DELIVERY of 
By ie’. J (12) + a 
(and alternatively for 
SEMI- SouTAL BALANCED-J ip BL: OTRIC 
QUAY CRANES. 
FOUR (4) Five-ton (and alternatively for Three-ton) 
BA OBD-JIB BLECTRIC ROOF CRANES 


Six & One-ton 
ELECTRIC MONO-RAIL CRANES. 
SPECIFICATIONS, DIAGRAMS, AND FORMS 
OF TENDER can be obtained at the Office of the 
Board’s Agents :— 
easrs. W. & A. McArruour, Lrp., 
18-19, Silk Street, 

Cripplegate, London, E.C.2., 
on payment of a deposit (returnable) of Two 
Guineas. 

Tenders to reach Auckland 
Ist, 1922, addressed :—THE ¢! 
Board, Auckland, New Zealand. 


Noon, on February 
IRMAN, ue 





RISBRIDGH UNION. 
NEW BOILER, BOILER SBITING, BOILER 
HOUSE, CHIMNEY SHAFT, ETO, 


The Guardians of the Risbridge Union invite 


enders for Erection of 
BOILER HOUSE, CHIMNBY SHAFT and 
BOILER SETTING, &c., st Kedingtoa Institution, 
near Haverhill, in No aye with Plan and 
8 fications prepa oy their Architect, 
r. H. B. THaxs, of averhi i, at whose Office the 
Plan and Specifications can be seen or copies will 
be re gen y him on payment of oe sum of £1 Is. 
which will be returned on receipt of a dena fide 


Tender. 
The Guardians also invite Tenders for a new 
a hendaediae BOILER, 20 ft. long ~ ey RD ft. 
r 
an Gevenlt Tosurenee Oo Ud . 
Manchester, copies of Specifications 
baited on oi 





the Provost forthwith, and send in a full stat 
a BXTENSION iF vcintinn the ilawksley 
y Tools Sho 
x Bxperimenta!l Work, wi 
may be obtained on application 


WALTER W. SETON, 





Sealed ¥ 
marked “ Tender ar Boiler Works or Boiler,” as the Pa 
than the 


reve hep tv <3. ~' > Sigh me me not later 


ent ot ee 29th, 192%, 
uardians themselves to accept 
the! lowest or any Teuder. 


a a BIGMORR, 


Road, 


3, W: 
Ha 








(Aue. 18, 1922. 
a es eee 
STEEL | TURNINGS. 


[renders Re quired for Six to 


meres teev'met fairly light 
out. ‘Turnings to be_ tree from” di nd, cont ol 


jwithin's Lane, London, E.C.4. vs 








He, 18, eos 


TO HEATING @ CONTRACTORS. 


THE COMMS TO, = HIS MAJRSTY'S 
Coy 
og to recetve 


en , before 11 a.m. 
on ge Bs 3ist August, 

for the INSTALLATION of HEATING 

APPARATUS at the New Sortin ne Office, Ipswich, 
w ne Specification, Conditions and Form of 
a lis of Quantities and Forms of Tender 
ed obtained from the Contracts Branch, H.M. 
é. Pig om King Charles Street, London, 
a of One Guinea. (Cheques 
payable to 6 the f BCRETARY, H.M. Office of Work.) 
he sums so paid will be returned to those persons 
who send in Tenders in conformity with the 
conditions, Wa 





THE HIGH 7 ao FOR INDIA 


to receive 


renders for the Supply 


1. ii oy and AXLES for light riding 
ro! 
2. STEBL SHERTS, corrugated, and RID 

CAPPING G, galvanized, ue 

3. HS, gas, black, and TUBES, water, 
galvanized, and fittings. 

Forms of Tender may be obtained from the 

-General, India Store Department, Branch 

No. 16, Belvedere Road, Lambeth, 8.5. 1, and 

Tenders are to be delivered at that Office not later 

than Two o'clock p.m. on Friday, the 8th Septem. 


ber, 1922, 
T. RYAN, 


Director-General. W 27 





THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY. 


The Directors are prepared 


bags for the Supply. of the 


following STORES, namely :— 


Fee for Specification. 
<3 Steel Rails and Fishplates wii 
2. Sheffield Tools, &c. ‘os: 
3. Hinges, Handles, &c 10s, 
4, Linoleum. 10s. 
Specifications and Forms of Tender may be 
obtained at this office on payment of the fee for the 
Specification, which payment will not be returned. 

The fee should accompany any application by 
post. Cheques and Postal Orders should be crossed 
and made payable to the Great Indian Peninsula 
Rallway Compan pany. 

Tenders must be delivered in separate envelo 
sealed addressed to the undersigned, mar 
“Tender for Stee! Rails and Fishplates,” or, as the 
case may be, not later than Hleven o'clock a.m. on 
Tuesday, the 29th August, 1922. 

The do not bind themselves to accept 
the toweab or any Tender. 

R. H. Wt 


ecretary. 
Company’s Offices, 
48, Copthall Avenue, B.C, 2. 
London, 16th August, 1922, wae 


COUNTY BOROUGH UF BRIGHTON, 
The a gage 


[lenders for Supply, 
DELIVERY and ~_—* * ve 


—- Southwick, near Brighton 

WO WATER TU BOILERS, SUPER- 
HEATER, KBCONOMISER, STEEL OHIMNEYS, 
FAN 8, —_— PUMPS tad other: dine Accessories 


Contractor, *sogether with range of POTRAM PIPERS 
and VALVES, to be also included in the same 
Contract. 

Specifications and any further information may 
be obtained on application to the Engineer and 
Manager, Mr, Joun Cunistiz, Electricity Depart. 
ment, North Road, Brighton, on — to him 
Me the sum of £2 2s. This amount wi returnable 

me SSE a bona fide Tender is submitted and not 


"Sealed Tenders marked “Tender for Steam 
Generating Plant ” must be delivered to the —_-- 
signed not later than Twelve noon on Monday, th 
18th eCorpe mber, 1922, at the Town Hall, Brighton. 








The tion do not bind themselves to accept 
the lowest or any Tender. 
HUGO FALBO*. 
wn Olerk. 


we 


Town Hall, hton. 
12th August, 1922. 





CITY OF eres > = oy ELECTRIC SUPPLY 
BPARTMENT. 


NECHELLS GENERATING STATION— 
WORKSHOP P BQUIPMENT. 


Tice: are Invited for the 


god DELIVERY and BRECTION of 
EK LATHES, MACHINE TOOLS, 
LINE SHAPTING and POLLBYS at the Nechells 
Generating Station. 
of the Gereral Conditions; Drawin 
Specification and Form of Tender can be obtain 
on application to the undersigned accompanied by 
a deposit of One guinea, w will be refunded 
after the tenders have been dealt with by the 
Electric Supply Committee, provided the Con- 
tractor shall have sent ina dona fide tender. The 
Committee does not bind itself to accept the lowest 


or any Tender. 
Contrectors must at the time of tendering, and 
at all times during the execution of the Lng be 
their work-people not 
or standard rate of bir 
wheee such work: people are act 
execution of the works, and m 


and 
delivered here on or before September 7:8, 62: 
Seoretary. 


ot U 91 
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RIACHUELO TRANSPORTER BRIDGE, 
BUENOS AIRES. 
By J.P. Rispon. 


A TRANSPORTER bridge may be adopted either 
when the requisite clear span is so great as to render 
a lifting or swing bridge impracticable (as in the 
case of the Widnes-Runcorn bridge with its span 
of 1,000 ft. between centres of towers) or when the 
proportion and nature of river and road traffic is such 
that great inconvenience might result, from the em- 
ployment of a lifting or swing bridge which could not 
be operated quickly enough to avoid serious delay. 

In the case of the Riachuelo Bridge the first con- 
sideration did not apply, as a lifting or swing bridge 


would actually have cost less, but, for the second | 





superstructure girders is 300 ft. 9} in. The car runs 
into a dock on each side, and the width across the 
river between the quay walls is 339 ft. 6 in. The 
| clear height from high water-level to the underside 
of the superstructure girders is 137 ft. 9} in. This 
is increased to 142 ft. 9} in. at low water. The 
height of the transporter car floor above high water 
is 8 ft. 3 in., the available loading space of the car 
being 41 ft. by 26 ft. 3 in. wide, with a clear height 
of 18 ft. 103 in. The time occupied in crossing 
from start to rest is 1 minute, the haul being by 
direct wire rope, power being furnished by a 45-h.p. 
motor, an additional one being held in reserve. 
For purposes of comparison a table is given on 
page 194 of the Riachuelo and other bridges of the 
transporter type. 











The machinery for operating the bridge is housed 
in a cabin carried on the shore legs of one of the 
towers, above the roadway. 

The car is completely roofed over, but un- 
protected from the weather at the sides and ends. 
The driver’s cabin is situated below the roof and 
above the footwalk in such a position that the driver 
commands a clear view in every direction. Control 
can also be exercised from the engine-house on the 
tower. In case of breakdown, or failure of the 
electric current, when the car is crossing the river, 
a 5-ton hand winch is provided at each end of the 
overhead main girders, by means of which the 
transporter can be housed by hand, a hemp rope 
being kept in readiness for hauling the steel wire 
rope to the hand winches. Suitable buffers are 











reason, the Argentine Government insisted upon a 
transporter span. The object of the bridge was to 
facilitate heavy road traffic to the Buenos Aires 
Southern Dock, across the mouth of the Riachuelo 
near its junction with the River Plate. Although 
the river is a comparatively small one, the amount 
of traffic upon it is considerable and includes many 
sailing ships, some with masts reaching to a height 
of 45 m. above water level, but eventually a clear 
height of 42 m. from high water-level to the under- 
side of the overhead girders was agreed upon. 
When the design of the bridge came up for con- 
sideration it was found that the cost of expro- 
priating land for anchoring back-stays would be so 
great as to preclude the employment of the 
suspension type of superstructure, and that ordinary 
trussed girders would be cheaper in the long run. 
To meet these local conditions a transporter 
bridge had to be provided, of which the following 
are the principle particulars. The bridge provides 
for a clear width of waterway of 175 ft. 64 in. 
The span, reckoned from centre to centre of towers, 
is 254 ft. 3} in., while the overall length of the main 
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Fic. 1. GeneraL View Looxinc Up STReEam. 


The appearance of the Riachuelo Bridge is well 
shown by the photograph reproduced in Fig. 1, 
which is a view looking up-stream from the east, 
showing the travelling platform in transit. Fig. 2 
on page 194, is a view from the north end, showing 
the travelling platform at the opposite end. The 
general arrangement of the structure which it is 
proposed to describe in detail can be followed best 
from an inspection of the line drawings reproduced 
in Figs. 3 to 5, on Plate XVII. Fig. 3 is aside 
elevation looking down-stream, while Fig. 4 gives a 
half-end elevation and a half-section through one 
of the towers. In Fig. 5, half top and bottom 
plans are given. 

From these illustrations it will be seen that the 
bridge comprises a pair of overhead main girders 
spaced 55 ft. 9} in. apart, centre to centre, and resting 
upon knuckle bearings carried centrally upon the 
tops of the towers. Each tower consists of four 
pairs of raking trestle legs, each supported upon 
a masonry pier 13 ft. 14 in. diameter. The space 
between the two halves of each tower provides 
housing accommodation for the transporter car. 
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provided at each berth, and limit switches are fixed 
to prevent over-running. Steel lattice guards and 
railing are fixed along each side of the car and a 
pair of timber gates at each end. The roadway is 
20 ft. wide, with a single tram track of 4 ft. 8} in. 
gauge, provision being made for a second track if 
and when required. The footwalk on one side is 
4 ft. 94 in. wide, and on the other side 1 ft. 4} in., 
the bridge being intended and designed less for 
passenger than for heavy road traffic. 

The car is suspended by a rigid, trussed frame of 
light design, from overhead trolley bogies, which 
run upon rails supported on special rail bearer 
girders hung from the cross-girders of the super- 
structure. The overhead trolleys are hauled by 
a steel wire rope led over pulleys at the ends of the 
main girders, from the winding drum in the 
machinery house. Powerful brakes are provided, 
and overhead buffers at each end which come 
into play simultaneously with those which stop 
the transporter car. Although the main girders 
are constructed with a camber of 4} in., the overhead 
track rails are horizontal from end to end. Before 
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commencing the detailed description of the bridge | an elongation of 20 per cent. in 8 in. and reduction 
it will be convenient to give an idea of the con- | of area of 30 percent. The ultimate tensile strength 
ditions of loading, &c., which the design was | of all steel castings is 26 tons to 30 tons per square 
intended to meet. inch, with an elongation of 12 per cent. in 2 in. 

Loading and Wind Pressure.—The maximum live | All bushes are of Stone’s bronze. Empire roller 
load on the transporter car is 100 tons. The road | bearings are included in the overhead trolley bogies. 
traffic between the City and the Southern dock is} Weights and Quantities—The design worked out 
of an exceptionally heavy character, and provision 
was made for the car to carry, at one trip, two 


machinery and electrical equipment, 25 tons 
6 cwt.; weight of bridge complete, 2,168 tons 
19 cwt. The maximum weight of any individual 
piece for shipment, except the tower bases, was 
5 tons, and the length limited to 40 ft. 
Foundations.—Each tower leg is carried upon a 
circular masonry pier, 13 ft. 14 in. diameter, there 





20-ton traction engines with axle loads of 134 tons 
and 6} tons and two wagons of 20 tons each, having 
axle loads of 10 tons, together with as many passen- 
gers as could be accommodated. This gives a 
heavier loading than the alternative of two tram- 
cars of 20 tons each and_a greater number of 
passengers. 4 . 
All parts of the bridge were designed for the 
following wind pressure: (1) With car berthed, 
50 lb. per square foot, in any direction ; (2) with 
car travelling, 40 lb. per square foot, in any direction. 
It was assumed that the whole weight of the sus- 
pension frame and of the car with its load might 
be entirely borne by the bogies on one side of the 
bridge, although in practice this will probably never 
occur. The suspension system was designed so that 
under a wind pressure of 40 lb. per square foot 
it was calculated that the movement of the car, 
sideways, would not exceed about an inch. The 
maximum braking effort of 10-24 tons was also 
allowed for. In calculating the wind pressures, 
the superficial areas of both windward and leeward 
girders and framing were taken into account. The 
total wind pressure on the car amounted to 19-5 
tons and on the suspension frame 19-68 tons. 
Working Stresses and Pressures.—The tensile 
working stress per square inch of net section on all 
structural parts of the steelwork was limited to 
7:2 tons per square inch, including live load, wind 
load anj dead load stresses. No impact allowance 
was made. The maximum compressive stress in 
tower steelwork does not exceed 5-61 tons per 
square inch of gross section. On rivets 4-5 tons 
per square inch was the maximum shearing stress 
allowed and 9 tons to 11 tons per square inch for 
bearing. The pressure on the rollers of the main 
girder expansion bearings does not exceed, in pounds 
per lineal inch, 375 by diameter of roller in inches. 
The maximum pressure from a tower base on a 
masonry pier is 338 tons, equivalent to 5-5 tons per 
square foot against 6 tons permissible pressure. 
During erection the pressure temporarily amounted 
to 610 tons or nearly 10 tons per square foot on 
the outer piers, and there was a calculated, net, 
upward pull on the inner piers of 136 tons each, 
under the most adverse wind conditions. Each 














pier was tested with a load of 668 tons. Fie. 2. Virzw or Norto Enp APPROACH. 


PARTICULARS OF VARIOUS TYPES OF TRANSPORTER BRIDGES. 










































































Name Width Span, Centre Clear Height Size of Maximum Live | Horse-Power Type of Method 
of of to Centre of from High Transporter Load Carried tH) Bridge Super- of Suspension. Remarks. 
Bridge. Waterway. Towers. Water Level. Car. on Car. Motors. structure. Drive. 
tons. 

Bizerta .. -+| 328 ft. oe — 149 ft. 3 in. | 29 ft. 6 in. by 24 | 55... oof 1. ov ee _ — — Load consists of either (a) 270 
(mean water ft. 9 in. passengers, (b) 90 passengers and 
level) two big wagons, (c) 90 passengers 

and four light wagons. 

Rouen .. ..| 380 ft. - 167 ft. 4 in. ..| 42 ft. 8 in. by 32 | 52} (test) .. _ — —_ _ Load consists of 200 passengers and 

ft. 10 in. six vehicles. 

Newport .-| 502 ft. ..| 645 ft. ««| 177 ft. .-| 40 ft. by 33 ft. ..| 120 (test) ..| 2 of 35 each..| Suspension ..| Steel wire | Cable ..| 7}-ton axle loads. 

65 (working) rope 
Runcorn- 960 ft. ++} 1,000 ft. --| 04 ft... .-| 55 ft. by 24 ft. ..| 88 (test) ..| 2 of 35 each..| Suspension ..| Adhesion | Cable ..| 300 passengers and four 2-horse 
Widnes heavy wagons. 

Bilbao .. .+| 525 ft. 147 ft. 8 in. ..| 8m. by 6-25 m. . : — _ _ _ — 150 passengers. Total load includ- 

ing weight of car = 40 tons. 

Riachuelo 339 ft. 6§ in. 254 ft. 3 in. 137 ft. Of in. | 41 ft. by 26ft.3in. | 100 .. oot @ oes .-| Girder Steel wire | Rigid Two 20-ton traction engines, two 

by 18 ft. 102 in. rope frame 20-ton carts and as many passen- 
high gers as can be crowded on bridge, 
or 55 tons of passengers. One 

spare 45-h.p. motor provided. 

— = = - — ——EEE = | a — | | | —— $$ ——— ————--- 

Duluth .. .| 305 ft. 135 ft. 50 ft. by $33 ft. ../ 120 .. oe »s — | Steel wire | Rigid 

| rope 











frame 





The total breaking strength of the steel wire | resulted in the following weights and quantities. 
hauling rope is 45 tons, the ultimate tensile strength | Transporter car complete, 83 tons 6 cwt.; sus- 
of the individual wires composing it being 115 tons | pension frame, 61 tons 8 cwt.; overhead trolley, 
to 120 tons per square inch. | equalising links and bogies, 66 tons 16 cwt.; one 

Materials.—With the exception of steel castings| main girder complete, 248 tons 6 cwt.; super- 
and comparatively unimportant details, all struc- | structure, complete, excluding trolley, 1,992 tons 
tural portions are of mild steel of an ultimate tensile | 8 cwt.; roadway approach girders, 133 tons; all 
strength of from 26 tons to 32 tons per square inch, | tower steelwork complete, 785 tons 16 cwt.; 


being eight of these piers to each tower. Each pier 
consists of a brick well, sunk to an average depth of 
|85 ft. 6 in. below high water-level, and founded 
uponsand. After sinking, the wells were filled solid 
with concrete and tested with a load of 668 tons 
feast The maximum working load (including that 
| resulting from wind pressure) is 338 tons per 
| cylinder. 
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Towers.—The tower at each end of the bridge | # in. throughout, with 3-in. by 2}-in. by j-in. angle | builders’ yard prior to shipment is shown in 
comprises eight main, raking legs, 132 ft. 6} in. | lattice bars. The members between tower bases | Fig. 22, subjoined. 
high from masonry to underside of main girder | are’5 ft. 1} in. deep by 1 ft. 5 in. wide, and comprise 
bearings. These legs, which are themselves tapered | four 6 in. by 34-in. by }-in. main angles with 10-in. | by two steel ladders, up each tower, fixed to two 
from end to end, are spaced as shown in Figs. 5 and 9, | by 5 rolled steel joist web bracing and horizontal, | of the shore legs. These ladders are provided with 
and are braced together in pairs by horizontal, | angle, lattice bars, except in the case of one girder | hoop safety guards. 


lattice struts and diagonal ties. The spread at the | 


in each tower, which is of plate-web section and 


base is 55 ft. 9} in. longitudinally, and 22 ft. 112 in. | serves as one of the roadway approach girders. 


transversely (each pair), the total spread being | 
78 ft.84in. Transversely each pair of legs and their | 
bracing was calculated to withstand one-quarter of | 
the maximum wind pressure against the tower, but | 
additional bracing was added between the two} 
pairs of the shore legs. Each main leg consists of 
four 8-in. by 8-in. angles varying in thickness from 
3 in. at the top to 1 in. at the bottom. The towers are 
divided into four tiers of bracing (see Figs. 3 and 4), 
and the shipping joints in the main legs were made 
at their intersection points with the bracing where | 





The upper member is 4 ft. 6 in. deep, with four 
main 6-in. by 3-in. by }-in. angles, double lattice 
tee-bar bracing and double horizontal angle-bar 
lattices. The diagonal bracing consists of pairs of 
8-in. channels, laced together and connected by 
gusset plates where they cross each other. The 
horizontal member which partly carries the engine- 


Access to the superstructure gangways is obtained 


The engine-house is 33ft. 0} in. long by 17 ft. Of in. 
wide, by 11 ft. 6 in. high. One side is supported 
upon a special double-webbed plate girder, between 
the tower legs at a height of 31 ft. 5} in. above the 
roadway. From the tower girders, at each end of 
the engine-house a semi-arched truss, Fig. 3, extends 
towards the shore, and at the shore end is rigidly 
connected to a vertical lattice post, the foot of 
which rests upon one of the roadway approach 


house, comprises two plate girders, each 3 ft. deep, | girders. Between these posts, an arched truss spans 
with a 3-in. web and a pair of flange angles, 3 in. | across the roadway and footwalks, and at inter- 
by 3 in. by } in. top and bottom ; the two girders | mediate points short lattice girders span between 


2 


are spaced 3 ft. 


ig in. apart, centre to centre, | this arched girder and the tower girder and carry 








Fic. 22. 


3-in. gusset plates and 7-in. by 7-in. by 1-in. cover 
angles were provided, care being taken that the 
main angles accurately butt at the joints. Between 
these gusset plates the main angles are lattice- 
braced on all four sides by 3-in. by 24-in. by #-in. 
angles. The lowest shipping joint was made at a 
height of 10 ft. }j ‘in. above the base plates so that 
the bases could be riveted up complete with gussets, 
&c., before shipment. Although the shipment of 
these big, heavy base sections was a costly matter 
it was cheaper than assembling and riveting up at 
site so many loose pieces would have been; more- 
over yard riveting is notoriously far better in such 
cases than field riveting. 

The baseplates of the tower legs, some of which are 
shown in Figs. 6, 7, 8 and 10, measure 8 ft. by 8 ft. 
by 1 in. thick, and each is anchored to its mssonry, 
pier by four holding-down bolts 2} in. diameter by 
16 ft. long. In the case of the shore legs, in order 
to resist the calculated upward pull during erection 
of the superstructure, four additional holding-down 
bolts, 1} in. diameter by 16 ft. long, were provided 
(Fig. 10). Provision was made on each of the main 
legs on the river side for the attachment of special 
erection booms, hereafter described. 

Various details of the legs and bracing are given 
in Figs. 16 to 20. The intermediate horizontal 
struts (transverse elevation of tower) are of lattice, 





box section, 3 ft. deep (Figs. 17 to 20), and vary in 
width according to the taper of the main tower legs. 
They consist of four main angles, 3 in. by 3 in. by | 
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and braced together top and bottom by angle 
lacing bars. 

The details of tower bracing, in longitudinal 
elevation, are similar to those of the transverse 
bracing except that two of the horizontal members 
in each tower, between the tower bases, are of plate- 
web section and serve as roadway approach girders. 

The tops of the two halves of each tower are con- 
nected longitudinally by a pair of deep, double- 
webbed plate girders of special design, Figs. 11 to 15, 
Plate XVII, 4 ft. 8} in. deep, each girder consisting of 
two web plates ,°, in. thick with two 8-in, by 8-in. 
flange angles top and bottom, and stiffened by 10-in. 
rolled steel joist diaphragms spaced | ft. 54 in. apart. 
The two girders are cross-connected at intervals 
by vertical, plate-web diaphragms (Figs. 14 and 15), 
and angles, and by horizontal, diagonal angle 
bracings between the tower flanges, and by end, 
shaped gusset plates, 6 ft. 10 in. deep by ,%, in. thick. 
These top girders support a transverse grillage of 
eight rolled steel joists, 12 in. deep by 7 ft. 6 in. long, 
upon which the main, superstructure girder bearings 
rest. Additional transverse joists and curb channels, 
of the same depth, carry a chequer plate floor round 
the main girder bearings. The upper ends of the 
diagonal members, in the top panel of tower bracing, 
are riveted to the shaped webs of the top girders 
and to the gusset plates. The upper ends of the 
main leg angles are joggled so as to embrace the 
top girder webs to which they are riveted. A 
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Four Leos or a Tower TEMPORARILY ERECTED IN THE BurILDER’s YARD. 


the rolled steel floor joists and flooring. The side 
and end framing are supported upon the arched 
girders. A narrow gangway with gas-tube hand- 
railing is arranged all round the outside of the engine- 
house. For a height of 3 ft. 6 in. above floor level, 
the sides and ends are covered with ,°, in. steel 
sheeting, above which they are glazed all round 
for a height of 5 ft. 8 in. Above the glazing, steel 
sheeting again occurs, and in it ventilators are 
inserted. At each end is a door, and access to the 
engine-house is by means of the ladders up the shore 
tower legs. The roof framing consists of 15-in 
rolled steel joists supporting rolled steel joist rafters 
and channel purlins. The slopes of the roof are 
covered with 20 B.W.G. galvanised, corrugated 
sheeting, gutters and down pipes being provided for 
drainage. The middle portion of the roof is heavily 
reinforced by plate-web girders which support 
guide pulleys for the steel wire hauling rope (here- 
after described), which are mounted on trolleys 
travelling upon rails on the roof girders. This 
portion of the roof, measuring 9 ft. 6 in. by 16 ft. 6 in., 
centre to centre of supports, is almost flat, and is 
covered with #,-in. steel sheeting, an ornamental grill 
being fitted round the edge to hide the guide pulleys 
from view. At eaves level an internal rooi lining 
of timber is provided. Two sets of 3-ton worm- 
geared pulley blocks were included in the equipment 
of the engine-house. Each of these was mounted 
on wheels travelling on a rolled steel joist which, in 


view of one of the four towers lying in the | turn, was suspended from a trolley ranning upon the 
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bottom flanges of the roof joists, thus giving a travel 
in both directions and facilitating the installation 
of the machinery. 

Approaches and Car Berthing Accommodation.— 
The spaces between the pairs of tower legs provide 
berthing accommodation for the transporter car and 
permit of short roadway approaches from the shore 
carried upon steel plate girders. The longitudinal 
tie members between the bases of the towers are, in 
the case of the inner legs, substituted by single- 
webbed plate girders, 5 ft. } in. deep, Fig. 21, which 
form the main girders of the roadway and footwalk 
approaches, and in turn support the end cross- 
girders carrying the buffers at the end of the trans- 
porter car berth. The roadway is supported by four 
longitudinal plate girders carried upon the end 
cross-girders, and upon intermediate cross-girders 
between the two inner pier cylinders and, at the 
shore ends, upon the quay walls. 

The flooring is of pressed steel troughing, 5 in. 
deep by § in. thick for the roadway, and 3 in. by 
§ in. for the footwalks; upon this the roadway 
materials and asphalt are laid. The main longi- 
tudinal girders support a lattice bar and ornamental 
grill railing along each side of the approach. 


(To be continued.) 





SOUND TRANSMISSION THROUGH 
PARTITIONS. 

Ir is often highly desirable in the construction 
of hospitals, hotels, office buildings and even 
domestic dwellings, that as little as possible of the 
sound produced in one apartment should be trans- 
mitted into the adjoining ones, and the desired 
result can generally be secured if the cost of the 
work has not to be considered too carefully. Existing 
knowledge of architectural acoustics, however, is 
not sufficiently extensive to enable the materials 
ordinarily available to be employed to the best 
possible advantage for reducing to a minimum 
the intensity of sound transmitted, so that any 
additional information should be welcomed by 
architects and others interested in this particular 
problem of building construction. 

For this reason we propose to give an account 
of some experimental investigations carried out in 
the Engineering Experiment Station of the Uni- 
versity of Illinois, by Mr. F. R. Watson, a full 
description of which will be found in the issue of 
the University of Illinois Bulletin for March 6 last. 
In these investigations, which have extended over 
a period of seven years, apparatus arranged as 
shown in Fig. 1 was employed. The materials 
tested had a considerable area, measuring not less 
than 3 ft. by 5 ft. in any case, and varied in structure 
from thin flax and hair felt to solid plaster partitions. 
As shown, they were arranged to cover an opening 
in a thick brick wall. The source of sound was an 
adjustable metal organ pipe blown by compressed 
air, and this was mounted at the focus of a para- 
bolic reflector measuring 5 ft. in diameter. By 
this means the greater part of the sound produced 
was directed in a parallel beam on to the partition 
under test, and the sound transmitted and reflected 
was measured simultaneously by Rayleigh disc 
resonators placed in the positions shown. From 
the difference of the readings of the two instru- 
ments, the proportion of tne sound absorbed by the 
partition could be deduced. 

In its simplest form, the Rayleigh resonator 
consists of a metal tube open at one end and closed 
at the other by means of a glass disc, as shown 
in Fig. 2. If sound waves of suitable pitch are made 
to impinge on the open end of the tube they will 
be reflected from the closed end and standing 
waves, indicated by the sine curves in Fig. 2, will 
be produced. A thin circular mirror of glass or 
mica is suspended by a fine quartz fibre at one of 
the anti-nodes inside the tube, and arranged so 
that the mirror sets itself at 45 deg. to the axis 
when the instrument is not in use. When the 
standing waves are produced, however, the mirror 
tends to set itself at right angles to the direction 
of the air pulsations, the extent of the angular 
movement depending upon the intensity of the 
pulsations. The movement is measured optically 
by a spot of light, as will be clear from Fig. 2 
without explanation. It can be shown that the 
comparative intensities I, and I, of two sounds 


acting separately on the instrument are given by 
the equation 

Ih _ $i sin 2(@ — ¢2) 

I, ggsin 2 (0 — $y) 
where @, and ¢, are the corresponding deflections 
of the disc and 6 (usually 45 deg.) is the angle 
between the normal to the disc and the axis of the 
tube when no sound is reaching the instrument. 
Several resonators of different degrees of sensitivity 
were employed during the course of the investiga- 
tions, one being sufficiently sensitive to permit 
measurements to be made on sounds only just 
audible. 

In the table on page 197 are given the deflec- 
tions of the resonator by reflected and transmitted 
sounds with a clear opening and with the opening 
closed by one, two or three layers of various 
materials, and from these figures an idea of the 
relative efficiency of the materials for preventing 
the transmission of sound can be obtained. It is 
perhaps hardly necessary to mention that, since 
the tests were intended to be comparative, all 
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conditions were kept as nearly as possible constant 
throughout. Every article in the rooms was left 
undisturbed, so that the interference pattern due 
to the reflection of sound from various surfaces 
would remain unchanged, and to eliminate the 
effect of the presence of an observer, a small cabinet 
with a glass window was provided in which the 
observer could enclose himself while taking readings. 
Inspection of the figures given in the table show 
that hair felt, which is a porous material, transmits 
a considerable proportion of the incideat sound 
waves and reflects but little. Other materials, 
which are impervious to air, reflect more sound 
and transmit less. A better conception of the 
results, however, is obtained by considering the 
relative values of the transmission or reflection 
together with the absorption. Curves for the 
different materials may then be plotted on the 
assumption that the uncovered opening transmits 
the whole of the incident sound and reflects none, 
and also, taking the maximum value obtained for 
reflection (25-9 in the case of the }-in. cork board) 
as 100 per cent. These assumptions are not 
rigorously correct, but they serve to enable useful 
comparisons to be made. 

Results obtained in this way for one, two and 
three layers of hair felt are plotted in Fig. 3. Due 
to the absorption of energy in the interstices of the 
material, the transmission decreases with increasing 





thickness, according to the recognised exponential 











law i = i,a—*, where i, and é are the intensities of 
the incident and transmitted sounds respectively, 
a is a constant and z is the thickness of the material. 
It may here be noted that absorption is an essential 
factor in sound insulation problems. It is not 
sufficient to reflect and scatter sound waves; the 
sound must be absorbed so that its energy is con- 
verted by friction into heat. It will also be noticed 
from Fig. 3 that the proportion of sound reflected 
increases with increasing thickness, but that it tends 
towards a constant value. This, in Mr. Watson’s 
opinion, indicates that the reflection does not take 
place entirely at the surface in the case of a porous 
material, but requires a certain thickness to give the 
maximum reflection. 

An interesting effect is brought out in Fig. 4, in 
which the results for paper-lined felt are plotted. 
It will be seen that two layers of this material 
transmitted more sound than one layer, and that 
the reflection was less for two layers than for one. 
This, however, is explained by the fact that vibra- 
tions were set up in the two layers of lined felts, 

Fig.3. RELATIVE AMOUNTS OF SOUND REFLEC- 
ABSORBED, & TRANSMITTED BY HAIRFELT. 
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Fig4. TRANSMISSION, REFLECTION, AND 
ABSORPTION OF SOUND BY VIBRATING PARTITION. 
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so that the transmission in this case was dispro- 
portionately large. Such vibrations, in fact, usually 
occur in actual practice in buildings, and the obvious 
procedure to reduce the effect is to make partitions 
as rigid as possible. 

The investigations we are referring to included 
a series of interesting experiments on plaster 
partitions made with the- object of establishing the 
law connecting the intensity of the transmitted 
sound with the thickness of the partition. In 
connection with this work preliminary experiments 
were made on the transmission of sound through 
flannel, of which from one to six layers were mounted 
in succession over a metal lath core fixed in the 
opening between the two rooms. The results are 
plotted in Fig. 5, together with the logarithms of 
the intensities of sound transmitted with different 
numbers of layers. If the absorption followed the 
simple exponential law quoted above, the logarithms 
should give a straight line when plotted, and the 
fact that the curve of logarithms in Fig. 5 is not 
quite straight can be explained by the circumstance 
that the reflected sound was not constant but in- 
creased with the thickness as previously stated in 
connection with the experiments on hair felt. Plaster 
was then applied in place of the flannel, and 
measurements taken for a week until the plaster 
had thoroughly dried. More plaster was then 
applied to the back of the panel in order to fill 
the spaces between the keys, thus producing a 
fairly uniform thickness of about 4 in. Readings 
were then continued over a further period of nine 
days, and the results of both sets of experiments 
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are given in Fig. 6, in which resonator deflections 
are plotted on a time base. An interesting feature 
of the experiments will be apparent from an 
inspection of Fig. 6., viz., that the sound transmis- 
sion increased during the second and third days 
after the first coating of plaster had been applied, 
probably owing to some change in the plaster as it 
set and dried ; the same effect is noticeable for the 
second coating. 

The experiments were continued with thicker 
partitions, one 2 in. in thickness on metal lathing 
being next dealt with. In all cases the partitions 
were built solidly into the wall nearest the source 
of sound and each measured 49 in. by 64 in.; the 
same quality of plaster was used throughout. 
Instead of waiting for the completion of the parti- 
tions, measurements of the sound transmitted were 
made as each coat of plaster was applied in order 
to determine the effect of increasing the thickness. 
The resonator deflections obtained as the 2-in. 
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Fig.6. TRANSMISSION OF SOUND 
BY PLASTER PARTITIONS OF TWO 
DIFFERENT THICKNESSES. 


072345678 9DWNRBHES 
(1401.F) Tune wr Days. 


metal lath partition was built up are plotted 
in Fig. 7, and the diminution in the intensity of 
the sound transmitted by this partition as the 
thickness is increased is shown in Fig. 8, curve I. 
Similar readings were taken for a 2-in. partition 
with a plaster board core, and the results for this 
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Material. 
Reflection. Transmission. 
Open doorway .. 3-9 39-4 
One | Two | Three} One | Two | Three 
Layer | Layers! Layers| Layer | Layers| Layers 
+ in. hair felt --| 4°99] 6-6] 10-5 | 22-6 | 15-4 | 10-4 
in. cork board ..| 15-7 | 22-0 | 22-6 7°9| 3-75) 2-9 
in. cork board ..| 25-9 | 21-2 | 22-1 1-15} 2-05) 0-85 
in. paper-lined 
hair felt .. -»| 20-7 5-9 | 10-0 5-0 | 21-7 3-8 
2 in. paper-lined 
hair felt .. --] 10-4 | 6-6] 9-3 6-5 1-95) 0-4 
in. flax board ..| 22-5 | 20-0 | 20-0 | 2-25) 0-55) O-1 
in. pressed fibre 23-2 = — 0-32} — <— 
in. pressed fibre = —_— —_ 0-2 — os 














are given in Fig. 8, curve II. The superiority 
of the metal lath partition is clearly shown, and for 
the finished partitions it appears that the relative 
intensities of the sound transmitted by metal lath 
and plaster board partitions is 0-93 and 2-35 
respectively. Finally, experiments were made with 
two still thicker partitions composed of 3-in. plaster 
blocks plastered on both sides to give a total 








thickness of 4in. In one case the air spaces in the 
plaster blocks were left, and in the other case they 
were filled with plaster and allowed to dry before 
the blocks were built into the partition. The 
partition so treated was found to have better sound- 
proofing properties than that in which the air 
spaces had been left, the relative intensities of 
sound transmitted being 1-16 and 3-85. 

The results of these experiments appear to 
establish the fact that the transmission of sound 
through a plaster partition depends mainly on its 
rigidity and mass, thin partitions transmitting 
more sound than thick ones, because they are less 
rigid and vibrations are more easily set up in them. 
If the frequency of the natural vibrations of the 
partition corresponds with that of the sound waves, 
the intensity of the sound transmitted, as would 
be expected, is considerably increased. It should 
also be pointed out, in conclusion, that results 
exactly similar to those outlined above must not 
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be expected from partitions as actually erected in 
buildings, since the larger areas of such partitions, 
and the consequently diminished rigidity, will allow 
a larger proportion of the incident sound to be 
transmitted. The results, however, may be of 
service in connection with sound insulation, both 
as a guide to the selection of materials and as an 
indication of the principles of construction to be 
borne in mind. 





Tue British Corporation SxHripPiInc REGIster.— 
Supplements giving corrections and additions to the 
register of the British Corporation for the Survey and 
Registry of Shipping have just been published. By 
means of these the current register may be brought 
up-to-date. The corrections concern the particulars of 
some 700 vessels, in many cases the alterations being of 
@ quite minor nature. The additions concern 26 vessels. 





INSULATION OF BARE WrrEs.—We have received from 
Messrs. Lionel Robinson and Co., of 3, Staple Inn, 
London, W.C. 1, a sample of a new kind of insulation 
for the bare wires which are used as connections in 
electric heating and pers p apparatus. The ordinary 
glass beads commonly used for the purpose do not satis- 
actorily withstand the high temperatures close to the 
heating element, and when the conductor is bent they 
leave the wire exposed between them. The “ Ballsok”’ 
beads introduced by Messrs. Lionel Robinson and Co. 
are made of highly refractory porcelain spherical beads 
alternating along the wire with beads having concave 
ends, so that the wire can be bent through sharp angles 
without exposure of metal. The beads are non-hygro- 
—— and give a good appearance to the wire. They are 
of British manufacture, and we are informed that they 
are accurate in size and shape to one thousandth of an 
inch, so that the efficiency of the ball and socket 
arrangement can be relied on. 





HENRY VIII AND NATIONAL DEFENCE, 
By A. W. Jomns, C.B.E., R.C.N.C,, M.T.N.A. 
(Continued from page 169.) 

Tue Tower of London was in those days the head- 
quarters of the ordnance department and the store- 
house for guns and other munitions of war. Attached 
to the tower, and under the master of ordnance 
and the master gunner of England, were 18 gunners 
and 20 master shooters. Generally the king’s 
gunfounders and his “ gunstone ” makers were also 
appointed as gunners in the Tower, the appointment 
carrying with it a fee of from 4d. to 16d. a day, 
depending upon the skill and the services of the 
holder. A pay sheet of 1513 gives the names of 
the gunners and shooters, and shows that the 
majority were foreigners and mostly Dutchmen. 
Possibly as the larger types of guns were obtained 
from the Low Countries it was found necessary to 
bring over workmen from the Continent to attend 
to any defects which might arise. A great number 
of the gunners in the king’s ships and in his Army 
were also Dutch. 

The king’s gunfounder at the time of his accession 
was one Humphrey Walker, whose names appear 
English enough. He is described as one of a firm 
of brass founders of the parish of St. Margarets, 
Lothbury, Bishopsgate Without, and was appointed 
gunner in the Tower in June, 1509. An inventory 
of guns in the Tower of London drawn up in 1514 
mentioned culverins, demiculverins, minions, serpen- 
tines, and fawcons of Humphrey Walker’s making ; 
bombards, curtows, serpentines and fawcons of 
Herbert’s making; and culverins, demi-curtows, 
serpentines and fawcons of Symond’s making. 
The double curtow fired a shot of 68 Ib., the curtow 
of 35 lb., the culverin 17} lb., demi-culverin 9} Ib., 
and the bombard of 801Ib. andover. The inventory, 
therefore, shows that some progress was already 
being made in the manufacture of the large types 
of ordnance in this country. 

Walker carried on his work at the ‘‘ Belle House 
in Houndesdiche beside London,” in the parish 
of St. Botolphe Without, Aldgate, and there in 1514 
he cast the king’s Great Basiliscus, a gun firing a 
shot of 15 lb. A fire or accident of some sort 
attended its casting, for the Bell-house had to be 
repaired, and John Rutter, of a neighbouring tene- 
ment was paid a sum for damages to his premises. 
Walker died in 1516, and it seems probable that 
shortly after his death Henry secured the services 
of Peter Bawde, a French gunfounder, naturalised 
in 1538, and granted a pension of 16d. a day in 
1528, a mark of some special service. 

Commander Robertson, in his interesting book 
“The Evolution of Naval Armament,” gives an 
extract from Stowes Chronicles, written late in 
the sixteenth century. Stowe states: “‘ Bawde 
and Peter Van Collen, a gunsmith, conferred 
together and devised and caused to be made certain 
mortar pieces being at the mouth from 11 in. unto 
19 in. wide, for the use whereof the said Peter and 
Peter caused to be made certain hollow shot stuffed 
with fireworks or wildfire.” The State Papers do 
not mention this, but in 1517 a Cornelius Van der 
Tollen was appointed a gunner in the Tower with 
pay of 12d. a day, twice the usual rate, and this is 
probably the man referred to by Stowe. In 1515 
another Frenchman named Richard Fevre or Fever, 
described as an armourer, is mentioned as having 
cast in London six culverins weighing together 
28,8003 Ib. and being paid 5691. 10s. for them. 

The Italians were also experts at gun-making, 
and Henry secured the services of three Italian 
brothers named Archangel, Francis and Raphael 
Arcanne, who are first mentioned in 1529. Arch- 
angel was granted a pension of 16d. a day in 1536. 

Between about 1530 and the end of the King’s 
reign the making of brass guns for the king’s service 
was carried out at three foundries, Peter Bawde 
was at the Bellhouse in Houndsditch, the Italians 
at a foundry in Salisbury-place, in the parish of St. 
Brides, and two Englishmen, the brothers Robert 
and John Owen, were at Calais, which they almost 
completely re-armed. In 1540 Bawde seems to have 
retired, for the two Owens were granted the tenancy 
of the Bellhouse for life. Bawde died in 1545, and 
his position of ‘‘ king’s gunfounder with profits as 





enjoyed by P. Bawde (deceased) ”’ was granted to 
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John Owen, junior, and Thomas, his brother, wi 
8d. a day each. John having died, Thomas Owen 
surrendered the patent in 1571, and was succeeded 
by Ralph Hogge. 

Peter Bawde is mentioned by all the old chroniclers, 
and gained a great reputation as a gun-maker in 
his time, but it is evident from the official records 
that John and Robert Owen did excellent and 
possibly greater service than Bawde. In May, 
1535, Lord Lisle, in charge of Calais, informed the 
king that 32 guns were finished and 12 more were 
ready to cast. ‘“‘On May Day I heard them shot 
three times, once for Your Highness, second for the 
founders and thirdly for the better proof thereof.* 
I never heard more vehementer pieces. No one 
ever came who did you better service.” In April 
of the following year Sir Christoper Morris,t master 
of ordnance, wrote to Lisle, ‘‘ The king desires you 
to send over the fair double cannon you praised so 
much that he may have a sight of it. My lord, as 
you love the two young men and would do for them, 
Robert and John Owen, see that the said piece 
may be well laden, for I have bid them make 12 new 
pieces for the king, and when His Grace sees them 
[ doubt not it will be for their preferment.” So in 
due time the fair double cannon and the 12 other 
pieces were sent over from Calais for the king’s 
inspection, which took place in February, 1537. 
The Owens accompanied the guns and reported 
proceedings to Lisle. Henry Johnson, the master 
gunner, jealous of the brothers, endeavoured to keep 
back the double cannon, saying he had no carriage 
large enough to take it. The Owens had a friend at 
Court who explained the circumstances, and Johnson 
received peremptory orders to bring it. According 
to the report to Lisle “‘ The king, Lord Suffolk, the 
Lord Admiral and Lord Privy Seal, came and saw the 
12 pieces, and the king liked them well and so did 
the lords, and gave a piece better than we were 
worth. One of the lords asked what great piece 
that was, meaning the double cannon, and the king 
answered it was a double cannon cast at Calais, 
liking it marvellous well.”” The king had very good 
reason to feel satisfied, for the casting of a double 
cannon—then, and for a long time afterwards, 
the largest type of gun used—by his own subjects, 
made him completely independent of the Continental 
gunfounders. Two months after the inspection, the 
Owens were each granted a pension of 8d. a day for 
life, and this was increased to 12d. in 1540. The 
double cannon was cast in 1535, the date given by 
the chronicler Camden. Stowe gives it as 1521. 
Some of the guns of the Mary Rose were salved 
late in the seventeenth century and bear the initials 
of the Owens. 

The foregoing relates to brass guns, but in the 
casting of iron guns little progress was made until 
the last few years of the reign. Built-up guns 
formed of forged steel strips reinforced by iron 
bands had been made in England, and there are 
numerous payments for such guns to Cornelius 
Johnson, a Dutchman naturalised in 1535, and 
master smith at the Tower from 1514 to the end of 
Henry’s reign. One such payment in 1511 was 201. 
for making two iron guns of “ 10-in. compass.” 
One of the king’s smiths at Calais, Thomas Phillips, 
was paid 42/. in 1544 for making 2,500 “* small gonnes 
for balls of wildfire.” In 1514 there is a payment 
of 71. 8s. 8d. to Reignold Robertes for two cast-iron 
guns weighing “eighteen hundred half a hundred 
and twelve pounds.” These must have been a 
great novelty at the time, and as the man is not 
again mentioned it is not known if he was a foreign 
merchant or an English mechanic. 

According to Stowe, quoted by Commander 
Robertson, “‘ Peter Bawde by himself in the first 
year of Edward VI did also make certain ordnance 
of cast yron of divers work anc. formes as fawconets, 
falcons, minions, sakers and other pieces.”” Another 
account, quoted by the same author, states that the 
first English cast-iron guns were made at Buxted, in 
Sussex, by Ralph Hogge, in 1543. Bawde was 
an assistant who had come to this country to teach 
Hogge the method. 

Stowe’s account is inaccurate, for Bawde died in 





* Guns were proved by firing double the usual charge. 
Those made in London were put to the test at Mile End. 

+ Morris entered the Tower of London as a gunner 
with 12d. a day pay in December, 1513. 





with | 1545, and so far as the records show had cast brass 


guns only. Ralph Hogge is first mentioned in the 
State Papers in 1574, being described as the queen’s 
gunfounder and gunstone maker, and could hardly 
have had as an assistant a man who had occupied 
a similar position some fifty years previously. 

Some, if not all, the credit for the first successful 
manufacture of cast-iron guns in this country is due 
to William Levett, a priest, and rector of Buxted, in 
Sussex. In August, 1539, he was paid nearly 85. 
“* for divers sundry ironwork by him wrought and 
made and delivered to Sir Christopher Morris.” In 
the following year he received 80l. for supplying 15 
tons of iron shot, and in March, 1541, he was 
appointed ‘‘ King’s gunstone maker with wages of 
6d. a day.” In December, 1545, there is a pay- 
ment of 1001. to him for making iron guns, and in 
the May following the Privy Council issued a warrant 
to the Exchequer to pay 300I. to “‘ Parson Levett for 
the making of iron guns.”’ Further sums amounting 
to 448/. were paid in the same year, and in December 
“ towards making of 120 iron pieces, 200/.”" In the 
same month he was given a commission to oversee 
the iron mines in Sussex appertaining to the Duke 
of Norfolk, then a prisoner in the Tower on a charge 
of high treason. 

After 1546 Levett is not again mentioned, nor is 
any other gunfounder until Ralph Hogge in 1574. 
It is possible that the latter may have been an 
assistant of Levett. 

The manufacture of cast-iron ordnance pro- 
gressed rapidly, and in 1572 such a large quantity 
of wood was being used for smelting iron for use 
in the iron foundries in Kent, Surrey and Sussex, 
that these counties were being denuded of their 
woods, and it was feared a scarcity of timber for 
shipbuilding would result. In March, 1572, this 
danger was brought to the notice of the Privy 
Council by Christopher Baker, brother of Matthew 
Baker, one of the queen’s two master shipwrights. 
He was directed to inquire fully into the matter, and 
in 1574 presented a report giving the foundries, 
their positions, their daily output of guns and shot, 
and also the positions of all ports, creeks in 
England and Wales from which guns could be 
shipped. It was suspected that a large proportion 
of the guns and shot was sent abroad. The Privy 
Council, alarmed, issued a proclamation that no 
guns were to be cast or exported without a licence 
from the queen, and each of the proprietors of the 
foundries—44 names are given—had to enter into 
a bond of 2,0001. to observe the terms of the pro- 
clamation. In March of the same year a return 
showed that the weight of iron guns required for 
the furniture of the realm was 600 tons. The intro- 
duction of coal in the smelting of iron early in the 
seventeenth century eased the situation so far as 
the supply of wood for shipbuilding was concerned. 
Christopher Baker, as a reward for his services, 
was granted the reversion for life of the office of 
“Clerk and Keeper of the Stores and Storehouses 
at Deptford, Stroude, Chatham, Portsmouth and 
elsewhere.” He entered into the duties of the 
office in 1582. 

In 1595, cast-iron guns of 3 tons weight each were 
being made, 42 of this size being supplied to the 
Earl of Cumberland—-probably for the Scourge of 
Malice, a noted privateer—and cast by Thomas, son 
of John Johnson, said to be an apprentice of Peter 
Bawde. In 1619 it was reported to the Council 
that men with a knowledge of the trade were being 
enticed away to the Continent to impart the secrets 
of casting iron guns there. In the same year 
John Browne, kings’ gunfounder, stated he had 
200 men at work at his foundries at Brenchley, 
Kent, and more than half the ordnance made by him 
was bought and exported by the Dutch. In 1631 
Browne reported he had a contract to export 6,000 
tons of iron ordnance and 900 tons of shot into the 
United Provinces. In just over a century the whole 
situation as regards gun-making had been reversed 
and this country instead of having to buy on the 
Continent now supplied the latter with large 
quantities. In 1630 the cost of cast-iron guns was 
from two-ninths to one-quarter that of brass guns 
of the same weight. 

In 1635 John Browne the gunfounder was in 
trouble, for the Swedes anxious to secure the Con- 
tinental trade undersold him, charging but half 





his price. He had paid 12,0001. to Charles I in 
three years for the privilege of exporting, and having 
lost 10,0001., asked for some redress. The Lords 
of the Admiralty suggested he should be given a 
monopoly for the manufacture of all cast-iron 
articles such as kettles, saucepans, chimney backs, 
iron weights, saltpans and the like, or else they 
feared “the trade of making iron ordnance, first 
invented in England, will be lost.” The result of 
this suggestion is not recorded, so that probably it 
was not adopted. John Browne continued in his 
business of gunfounding for many years afterwards. 

The bow and arrow still remained the principal 
arm of the English soldier, although hand guns, 
hagbushes or arquebuses were gradually coming 
into use and more especially on the Continent. 
In 1512 four hundred and twenty hand guns were 
purchased from Peter Corsey, a merchant of Venice, 
the price paid being 9s. a piece, including bottle and 
mould. In May of the previous year 10,000 bows 
had been ordered from London bowyers at a cost 
of 400/., and the figures show the relative price and 
use of the two weapons. In 1542 the Tower of 
London issued 1,500 bows and 1,000 sheaves of 
arrows, together with 300 hagbushes or hand guns 
to the garrison at Berwick, the numbers showing the 
growing popularity of the firearm. In 1545 Alen 
Bawdson (Bawde’s son) was appointed “ the king’s 
hand-gun maker with wages of 12/. a year and 
livery,” and this is the first recorded appointment 
in connection with this arm. In 1581 the gun- 
makers petitioned the council for a charter of 
incorporation for the makers and repairers of 
callivers, muskets, dogs and other small guns. It 
was not, however, until well into the next century 
that the bowyers found their occupation vanishing. 
In 1620, Sir Sackville Crow was granted a patent 
for making and supplying iron guns to merchants 
and to the market on Tower Hill on the condition 
that he set the unemployed bowmakers to work. 

A return of 1578 shows that arquebuses were 
supplied to the soldiers carried by H.M. ships. In 
1649 a proportion of muskets to be carried in ships 
was laiddown. Sir Francis Drake, when setting out 
in 1587 for his voyage along the Spanish Coast to 
destroy the Armada, was provided with 20 “ slurr 
bows ”’ costing 25s. each and 20 dozen “ firework 
arrows” at5s.thedozen. These wereintended for use 
against the sails of the Spanish ships, the flaming 
arrows setting them on fire. Twelve months after, 
Drake putting in at Plymouth, whilst watching the 
mouth of the channel for the coming Spanish 
Armada, begged the Privy Council to send him 
** 500 muskets and 1,000 arrows for them.” <A few 
days later the Privy Council recorded the muskets 
had been sent off together with 1,000 arrows supplied 
by Reynolds, the queen’s fletcher. Readers of 
Commander Robertson’s book will perhaps remember 
the statement there made that when guns were first 
introduced the projectiles were arrows. Drake’s 
request appears to be the last recorded instance 
of such a combination. 


(To be continued.) 








THE LJUNGSTROM TURBINE 
LOCOMOTIVE. 
(Concluded from page 168). 

Tue Drivine AXxLes anp CoupLine Rops. 

WE have now dealt with the principal details of 
the Ljungstrém locomotive considered as a power 
generating unit and come to those which refer more 
particularly to its functions as a railway vehicle. 
Amongst these the design of the driving axle-boxes 
and coupling rods deserves particular notice. The 
arrangement of these is shown in Figs. 83 to 87, on 
page 199. The mechanism, as will be seen, is 
totally enclosed and is fitted with forced lubrication, 
thus following the practice so largely adopted with 
respect to high-speed stationary engines. If total 
enclosure and forced lubrication is found so de- 
sirable in engines of the latter class which are 
usually running in clean engine-rooms with ample 
skilled attention, there is even more to be said for 
its adoption in the case of locomotives which are 
exposed to dust, grit and weather to an extent 
unequalled by fixed engines. It is true that loco- 
motives fulfil their duties remarkably well without 
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THE LJUNGSTROM TURBINE-DRIVEN LOCOMOTIVE: PONY TRUCK AND COUPLING. 


CONSTRUCTED BY THE AKTIEBOLAGET, LJUNGSTROMS ANGTURBIN, ,|ENGINEERS, STOCKHOLM. 


Fig. 88.\\ SECTION A.A. 






Fig. 89. 
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Fig.32|| | 






























































to the latter figure, it will be seen that the boiler | provided with pockets which carry bearings for the 
car is fitted with a pair of cast-steel concave shoes, | heads of spherical ended bars. The centre lines of 
against which work convex shoes fixed to the con-| these bars, when extended, intersect in a point 


in Fig. 93, and this point is the centre of curvature 
of the concave shoes. Hence, relative motion of the 


cars in a sideways direction is limited to a rotation 
denser car. The respective pairs of shoes are| behind the front of the condenser car, as shown | about the point referred to. 
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Vertical motion is minimised by another pair of 
spherical headed rods connecting the two portions 
of the locomotive. The bearings of the upper efids 
of these rods are capable of a slight vertical move- 
ment, but the bearings of the lower ends are rigidly 
fixed to the framing of the boiler car. These rods 
constrain the vertical motion only, and permit 
freedom for motion in all other directions. When 
the locomotive is required to run backwards, the 
normal compression existing between the cars is 
changed to tension. This tension is taken by the 
balls of the spherical-headed rods. There are also 
two tension bolts, as shown in Fig. 92, which are 
provided as extra security in case of emergency. 


THERMODYNAMIC DEsIGN. 


ALTHOUGH many other advantages, such as low 
maintenance costs, large starting torque and evenness 
of turning effort on the driving wheels are put 
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forward on behalf of the Ljungstrém locomotive 
as against the ordinary type, the question of fuel 
economy is certainly one of its chief claims to merit. 
Before it was built, the possibilities in this direction 
were very thoroughly investigated and the results 
obtained in actual practice have closely borne out 
the forecasts. The ordinary Swedish locomotive 
uses steam at an absolute pressure not exceeding 
170 Ib. per square inch, with a temperature of 
650 deg. F. in the steam chest. This is expanded 
down to an absolute pressure of about 21 Ib. before 
it is released into the exhaust. Under such con- 
ditions, 200 B.Th.U. would be turned into useful 
work by an ideally perfect engine for every pound 
weight of steam passing through it. The Ljungstrém 
locomotive, working with its much higher pressure 
and superheat, and with an average vacuum of 
21 Ib. absolute, is employing steam under condi- 
tions which render 400 B.Th.U. per Ib. available 
for work, which is 100 per cent. more than in the 
case of the ordinary locomotive. Thus, other 
things being equal the fuel consumption of the 
turbine locomotive would be only 50 per cent. of 
that required by a corresponding engine of the 
ordinary type. 

Such a comparison, however, although suggestive, 
is not altogether fair because at starting, and when 








running at very slow speeds, the piston engine 
uses its steam much more efficiently than the 
turbine can do. The Ljungstrém locomotive does 
not depend for its efficiency entirely upon the greater 
heat drop it utilises, by any means. The employ- 
ment of the otherwise waste heat of the flue gases 
to heat the air for combustion, with the resulting 
increase in firebox température and furnace eéffi- 
ciency, has already been alluded to. Similarly, the 
heating of the feed water to a high temperature, by 
passing if through heaters supplied with exhaust 
steam at successively higher pressures, has been 
described in our previous articles. Other factors 
which make for fuel economy are the cleanliness of 
the boiler and the freedom from scale obtained by 
using pure condensate only as feed water. 

The way in which the heat of the fuel is disposed 
of is shown diagrammatically in Fig. 94. Of every 
100 heat units in the coal, 18 are carried away by 
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on a railway it was thoroughly tested over a period 
of many months at the works where it was built. 
For this purpose a special testing plant, illustrated 
in Fig. 95, subjoined, was constructed outside the 
erecting shop. In a pit underneath the track were 
arranged three pairs of friction wheels, spaced to 
suit the driving wheels of the locomotive. Each 
pair of friction wheels was mounted on a shaft which 
terminated in a dynamometer brake, housed in the 
concrete water tank at the side of the track. The 
locomotive was placed in position over the friction 
wheels and its power absorbed by the dynamometers. 
The latter were cooled by being submerged in water, 
so that long continuous runs at any power and speed 
within the capacity of the turbine could be made. 
These tests, which were carrféd out under the super- 
vision of the engineers of the Swedish State Railways, 
not only enabled the reliability of the locomotive 
mechanism to be thoroughly ascertained, but 
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Fig.37 COAL CONSUMPTION AT DIFFERENT LOADS OF 
TURBINE & RECIPROCATING LOCOMOTIVES 
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the chimney gases, by the ashes, or lost by radiation. 
The boiler actually delivers a greater quantity of 
steam than that represented by the balance of 
82 heat units, because of the heat returned to the 
boiler by the air preheater and the feed-water 
heaters. The irrecoverable losses of heat due to 
gland leakage from the turbine, radiation losses, etc., 
account for about 3-5 per cent. of the heat of the 
coal. The driving of the large condenser fans 
absorbs 3-3 units, and 60-5 units are necessarily 
rejected to the condenser. The remainder, amount- 
ing to 14-7 units, are transformed into the useful 
work of the locomotive. Even in a modetn power 
station of many thousands of horsepower a thermo- 
dynamic efficiency of 14-7 per cent. is regarded as 
very creditable. Compared with ordinary: loco- 
motive practice, it is, of course, a most extraordinary 
result, as may be gathered from the fact that at the 
recent Transport Congress a well-known engineer 
estimated the average thermodynamic efficiency of 
locomotives as 6:0 per cent., a figure which was 
accepted without question. 


PERFORMANCE OF THE LOCOMOTIVE. 
Before ever the Ljungstriém locomotive was put 
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furnished valuable information as to the efficiency 
of the apparatus. 

When the officials of the State Railways were 
assured that the machine might safely be given 
actual running trials on their system, it was trans- 
ferred by ferry-boat from the island of Gashaga, on 
which the shops stand to the mainland and housed 
in the running sheds at Stockholm. It has since 
made numerous runs over the Swedish Railway 
system, hauling heavy trains and conforming 
generally to the same operating conditions as any 
ordinary locomotive. These runs have been matle 
under the supervision of the engineers of the State 
Railways, and usually a dynamometer cat has been 
attached, so as to furnish a continuous record of the 
performance of the engine throughout the journey. 
The work of driving and firing is carried out by 
the ordinary employees of the railway. The general 
characteristics of the locomotive as a traction- 
machine are shown by the diagram, Fig. 96, 
annexed. On this diagram the rising curves show the 
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horse power developed at the driving wheels at all 
speeds up to 90km. per hour. This is the maximum 
legal speed on the Swedish Railways. The turbine is 
designed for a normal speed of 70 km. per hour, but 
can be run up to a maximum of 110 km. if desired. 
The curves in the diagram were obtained from dyna- 
mometer car readings. Two horse-power tests were 
made with four of the turbine nozzles open, and 
these, as will be seen, are very consistent with each 
other. Corresponding to the lower dotted curve of 
horsepower, a curve of draw-bar pull has been 
plotted showing how the tractive effort falls away 
as the speed increases. The fall is particularly 
rapid at low speeds, and this is a useful characteristic 
in a locomotive as it tends to prevent the spinning 
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Fig.MOOTRIAL TRIP. FEB.18-/922 
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load the turbine locomotive will do its work with 
half the coal required by the ordinary locomotive, 
an assumption which seems amply borne out by 


actual trials. In Fig. 97, the two straight lines 
correspond to the well-known “ Willan’s law” and 
show incidentally how very much more economical 
the turbine is than the reciprocating engine at very 
low loads. This agrees with experience with 
stationary plant, and is accountable for by the 
extremely small frictional losses of the turbine 
and by the good vacuum obtainable under such 
conditions. Fig. 98 shows that at starting, the 
turbine takes much more coal than the recipro- 
eating engine. This again is only to be expected, 
for as soon as the nozzles are opened the steam can 
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them of considerable length, and that there is very 
little level track at all. The next curve shows the 
number of nozzles in service at any point of the 
journey. From the speed curve it will be noted 
that 80 km. per hour was reached on several occa- 
sions and was maintained for several kilometres 
after running down the long bank near the end of the 
journey. From the engineering point of view the 
curves of smoke-box vacuum and condenser vacuum 
are particularly interesting. The former, of course, 
can be regulated by the speed of the induced-draught 
fan, and for some time after starting was maintained 
at about 4} in. of water. The condenser pressure 
only once exceeded 2-84 lb., corresponding to. a 


|vacuum of about 24-3 in., and this was after 
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se. 3586 3839 
of the driving wheels at starting when the rails are 
slippery. . The driver has thus a greater measure of 
control over the engine both at the start and when 
pulling hard on gradients. The maximum starting 
draw-bar pull is 13-5 tons, though this, of course, 
can only be obtained if the rails are in such a con- 
dition that the wheels will not slip. It may be 
mentioned that a maximum starting effort of 9-3 tons 
is all that is available on the Type F locomotives, 
which are the last and mcst’ powerful express 
engines on the Swedish State Railways. During the 
trials of the Ljungstrém turoine locomotive a 
starting effort of 12-0 tons has been repeatedly 
observed, but anything greater than this is usually 
unattainable owing to the slipping of the wheels. 
Figs. 97 and 98 give graphical comparisons be- 
tween the fuel consumptions of a turbine locomotive 
and of a reciprocating locomotive of equal power 
under different conditions. The first diagram shows 
the proportion between the consumptions at different 
loads, and the second shows how the consumption, 
of each engine varies at different speeds. In both 
cases the assumption has been made that at full 
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flow almost unhindered through the turbine. How- 
ever, the starting torque is so much greater than 
that of the reciprocating engine that speed is 
rapidly attained, and after five miles an hour has 
been reached the turbine has passed the recipro- 
cating engine in economy. This superiority in- 
creases very rapidly as the speed increases, being 
at its maximum at about 15 m.p.h., when the‘coal 
consumptions of the two machines are in the rates 
of about 60 to’ 140. The reciprocating locomotive 
then improves its comparative position until at full 
speed its consumption is no more than double that 
of the turbine locomotive. 

Fig. 99 shows certain of the results obtained 
during a trial trip of the Ljungstrém locomotive 
made on November 21, 1921. The diagram covers 
the run between Hagaland, on the outskirts of 
Stockholm to Bergsbrunna, which is a few miles 
from Upsala, the total length of the run being 
52 kilometers. The lowermost curve of all gives a 
profile of the route, with gradients and their length 
marked on it. It will be seen that a great deal of 





the line is on ten per thousand gradients, some of 
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climbing a long and heavy gradient. After a period 
of easy pulling, the vacuum improved to about 
27 in. The upper curves show the steam pressure 
in the boiler and at the turbine nozzles, the curves, 
of course, coinciding whenever the whole of the 
nozzles were shut off. The various curves shown 
on Fig. 99 were plotted from instrument readings 
taken about every minute by an observer on the 
footplate. 

Figs. 100 and 101 are a reproduction of the actual 
record made by the dynamometer on the same line 
between Stockholm and Upsala, on February 16, 
this year. The various curves are self-explanatory, 
with the exception perhaps of that representing the 
effective horsepower of the locomotive. The inter- 
pretation of this curve is as follows :-— 

The zig-zag line indicating the horse-power and 
work done by the drawbar is drawn in the following 
way. For every 15,000 k.g.-metres of work done 
by the drawbar the pen moves a distance of 1 mm. 
across the chart. The total travel which the pen 
can make in a transverse direction is 75 mm. and 
its direction of motion is then reversed, and a stroke 
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of the same length is made in the opposite direction. 


As the paper is simultaneously moving forward at 
the rate of 1 mm. per second, a zig-zag line is 
obtained. Every traverse of the zig-zag obviously 
represents 75 kg.-m. x 15,000 kg.-m. of work done. 
If, for example, the distance between two successive 
peaks of the zig-zag is 30 mm., one knows that 
2,250,000 kg.-m. of work have been done in 30 
seconds, so that the engine has been developing 
1,000 h.p. at the draw-bar during that period. A 
longitudinal line indicates that no work has been 
done at the drawbar during the period covered by 
the line. 

As regards the fuel consumption of the Ljung- 
strém locomotive, this is found in practice not to 
exceed 50 per cent. of that used by the modern 
Swedish locomotives employed upon the same 
work. The following table gives the figures 
obtained on official trials by the Swedish State 
Railway engineers :— 











~ Consumption| Weight 
in Kg. per 1,000 |of Train No. of 
Date. Trip. Ton-Km. includ- in Coaches. 
ing Locomotive. | Tons. 
1921. % 
October 13; Hagalund- 12-2 505 12 bogie 
Upsala coaches. 
1 two-axled 
car. 
October 14| Upsala- 14-1 492 12 bogie 
agalund coaches. 
October 22 | Stockholm- 11-6 540 | 11 heavy 
Upsala- coaches. 
Stockholm 1 dynamo- 
meter car. 




















In each case the coal used had an effective calo- 
rific value of 6,620 calories per kg. It is 60 kilo- 
metres from Hagalund to Upsala, and from Stock- 
holm the distance is a few miles greater. 

A few months ago we had the pleasure of travelling 
with this locomotive between Hagalund and Upsala, 
riding on the footplate for one journey and in the 
dynamometer car when returning. The train con- 
sisted of a number of heavy sleeping cars, aggregat- 
ing about 475 tons behind the engine. Special per- 
mission having been obtained from the Railway 
Administration to exceed the speed of 90 km. per 
hour, the engine was opened out, and a speed of 
96 km. was reached over one portion of the track. 
The number and severity of the gradients is shown 
in Figs. 100 and 101. At all speeds the engine ran 
with great steadiness, and except for the indications 
of the speed-recorder one would hardly have realised 
that 60 miles per hour was being touched. The main 
gearing worked practically inaudibly, or at any rate, 
it made much less noise than the small bevel gear 
drive to the condenser fans. Control was extremely 
simple, and firing was facilitated by the proximity of 
the ends of the coal shoots to the fire-box doors. The 
latter were opened by a steam-operated device, when 
the fireman placed his foot on a small stud projecting 
through the footplate, and they closed again auto- 
matically on the removal of his foot. A vacuum of 
about 26 in. to 27 in. was maintained by the air 
condensers throughout the run, the temperature of 
the air being about freezing point. 

In conclusion, we may summarise the practical 
advantages which are claimed for the Ljungstrém 
locomotive over the ordinary type, remarking that, 
so far as experience with the first machine goes, the 
claims do not appear to go beyond what the facts 
warrant. The Ljungstrém machine is said to do the 
same work as a modern reciprocating locomotive of 
equal power, with 50'per cent. less fuel consump- 
tion. Running maintenance is likely to be greatly 
diminished with a saving both of money and of 
idle time, because of the pure boiler-feed and the 
total enclosure of working parts. The{draw-bar 
effort at starting is higher than that of an ordinary 
locomotive, and slipping of the wheels, even with 
this higher tractive effort, is diminished because there 
is no irregularity whatever in the torque. The 
greater economy of the machine allows coal to be 
carried for longer journeys, or alternatively makes 
less bunker capacity necessary. The stops for 
water are also less frequent because the loss of 
water is of course only a very small fraction of that 
which takes place on an ordinary locomotive. 
Locomotives on the Ljungstrém principle can be 
built considerably more powerful than of the ordinary 
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type within the limits of the same loading gauge, 


and under such conditions as exist in the United 
States and Canada machines of 6,000 h.p. could be 
produced. We have, in conclusion, to thank Messrs. 
Frederick and Birger Ljungstrém for affording us 
every facility for examining and observing the 
behaviour on the road of what all engineers will 
admit is a very remarkable example of locomotive 
engineering, and also for permitting us to illustrate 
and describe its details so freely. 








NOTES ON NEW BOOKS. 

ALTHOUGH it is not customary to regard the English- 
man as excelling in the production of books which are 
characterised by the laborious collection and classifica- 
tion of an almost infinite amount of detailed information, 
yt it is certain that no other country produces works 
of the directory nature of the excellence of those which 
are published here. In “‘ Kelly’s Directory of Merchants, 
Manufacturers and Shippers of the World’’ (London : 
Kelly’s Directories, Limited ; price 64s. net, post free), 
we have one of the best examples of the kind. The 
thirty-sixth annual edition of this work, namely, that 
for the current year, is now to hand, and like its pre- 
decessors it contains an enormous amount of informa- 
tion necessary to trading firms. Its two volumes 
comprise some 5,000 pages, giving information con- 
cerning 20,000 foreign and colonial towns and con- 
taining over 1,000,000 trade references. The first 
volume deals with foreign nations and their depen- 
dencies, and the second with Great Britain, its 
dominions and possessions. Under the headings of 
the various towns classified lists of trades are given, 
together with the kind of goods in which they deal. 
The section dealing with Russia is necessarily meagre, 


.| but no less than 400 pages are devoted to Germany. 


The alteration of frontiers and nationalities due to the 
results of the war, has been taken account of, so that 
the work is up to date in this respect, both as regards 
maps and statistics. In spite of its size, ‘* Kelly’s”’ 
is easy to use, and this feature is enhanced by an 
explanation and a practical example printed in English, 
French, German and Spanish. The work is fully 
indexed in the same four languages. 





The subject of mechanics is frequently treated in 
schools and continuation classes as though it were a 
subject in which the solution of an arithmetical 
problem was the sole aim. The wealth of practical 
illustration that is possible in a subject of this nature 
provides the teacher with a means of easily holding the 
attention and obtaining not merely the interest but 
the enthusiasm of the boys in his classes. Messrs. 
George Thompson and George H. Leslie, B.Sc., both 
of whom have taught this subject for many years, 
have produced a very popular little work on 
** Mechanics,” which is published by Messrs. Cassell 
and Co., at 2s. net. The authors have aimed at pro- 
ducing a series of books, of which this is the first, in 
which their endeavour is to show the application of 
science to man’s daily life and work. In a book of 
160 pages there are 142 illustrations, mostly showing 
actual practical examples of the principles described. 
The boy who is given a copy of this book, if at all 
interested in mechanical work, will obtain a foundation 
knowledge of the use of mechanics which will stand 
him in good stead when he has to tackle the larger and 
more comprehensive specialistic works. 

Recent workers in the field of electro-deposition 
have come to the conclusion that electro-deposition be- 
comes, at a certain stage, a crystallisation process, and 
that therefore the rules of crystallisation are applicable 
to galvanic processes. Crystallisation and grain size 
depend upon the presence of germs, the rate of cooling, 
the concentration of the solutions, temperature, 
uniformity of the solute and other factors. In electro- 
deposition, rate of deposition, depending upon current 
density, takes the place of rate of cooling. The metal 
ion, as Freundlich and J. Fischer put it in 1912, has 
to be discharged, to be dehydrated, and to be turned 
into an atom, and the atoms finally have to unite to 
form crystals. This is broadly the standpoint which 
Mr. W. E. Hughes, B.A., late Chief Research Chemist 
of the Electro-Metallurgical Committee of the Ministry 
of Munitions, takes in his pamphlet of 50 pages, on 
“The Electro-Deposition of Iron” (H.M. Stationery 
Office ; price 6s. 84d. post free). The fist section of 
this pamphlet describes the structure of a large number 
of electrolytic iron deposits, all obtained, it should be 
pointed out, from iron chloride, and discusses the 
influences of state of cathode, temperature, current 
density, stirring, &c.; the second section is theoretical 
and points out that the conclusions drawn as to the 
character of the deposits would also hold for other 
iron baths and for other metals. There are, finally two 

es on workshop application, and a comprehensive 
ibliography. The many (61) excellent photographs 
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of structures of deposits form a conspicuous feature in 
the volume; we do not think, however, that much is 
gained by practically cutting up the first section into 
detailed descriptions of the deposits obtained in the 
various experiments. One feature hardly receives 
sufficient attention, namely, the state of the cathode 
surface, though Mr. Hughes’ remarks on the prepara- 
tion of the cathode may satisfy the general electro- 
plater. The cathode surface is never uniform, nor is con 
sequently the discharge of the ions; the accepted local 
current densities are therefore merely gross averages, 
and we cannot wonder that deposits will not always 
come up to expectations. We should mention that the 
pamphlet forms Bulletin No. 6 of the Department of 
Scientific and Industrial Research. 

Electric cables form the essential connecting links 
between the components of a complete electrical 
installation of whatever nature it may be and the 
maintenance of useful electrical service depends on the 
character of the materials employed in their construc- 
tion and the manner in which they are protected when 
in use. Francis W. Main, A.M.I.E.E., in his small 
work on “ Electric Cables,” which is published as one 
of Sir Isaac Pitman and Sons’ Technical Primers 
(2s. 6d. net), has provided a practical book on their 
construction, properties, installation and maintenance 
which can be recommended to young engineers, studente 
and electrical maintenance men. The conductor, its 
standard of conductivity, stranding, whether copper, 
aluminium or steel, the insulation, its preparation, 
properties, both di-electric and mechanical, and the 
protection, whether an inherent part of the construc- 
tion of the cable or provided by external material in 
the course of laying, are all reviewed in turn. The 
author considers underground and overhead power 
cables, for direct and alternating currents, house and 
workshop installation circuits, submarine and under- 
ground telegraph cables. Many interesting tables of 
comparative conductivity of copper and aluminium, 
the dimensions of standard cables, strand formule, 
maximum allowable resistances for circular wires, com- 
parative values of various di-electrics, and a chapter 
on testing and maintenance, all contribute merits to a 
very valuable little book. 





THE COMPOUNDING OF A TRIPLE 
EXPANSION ENGINE. 

A very interesting piece of conversion work has 
recently been carried out by Messrs. George Saxon, 
Limited, of Openshaw, Manchester, in connection with 
a large triple-expansion vertical Corliss engine, used 
for driving the machinery of a cotton mill. The engine, 
which was built by Messrs. Saxon in 1906, is illustrated 
in its original form in Figs. 1 to 3, on page 204. It was 
designed for an economical load of 1,300 ih.p. when 
working with steam at 160 lb. per square inch boiler 
pressure, and running at 78 r.p.m. The cylinders 
were, respectively, of 21 in., 33 in. and 51 in. diameter, 
all with a stroke of 4 ft. For some years after its 
installation, the engine did all that was required 
of it, but in course of time the load was so increased 
that difficulty was experienced in getting it to run 
at its proper speed, especially in the early mornings 
when the friction of the shafting and machinery in the 
mill was naturally greatest. To meet these conditions 
the boiler pressure was gradually raised from 160 lb. 
to 200 lb. per square inch, and indicator cards showed 
that the engine was turning a load of 1,590 ih.p., 
with a mean effective pressure, referred to the low- 
pressure cylinder of 41-2 lb. per square inch. 

Such a state of affairs was very unsatisfactory. The 
turning moment was uneven, the steam consumption 
was excessive, and the boiler was being operated at a 
pressure above that which was advisable. The owners 
were, indeed, faced with a demand from the Boiler 
Insurance Company that there should be a reduc- 
tion to the original pressure of 160 Ib. per square inch, 
This demand brought matters to a climax, and it 
became imperative to see what could be done to provide 
the mill with the additional engine power required. 
Messrs. Saxon were consulted, and after a careful 
consideration of the situation they submitted a pro- 
posal to increase the power of the engine by converting 
it into a three-crank compound. As this appeared the 
bes} way out of the difficulty the conversion was 
decided on, and the work was entrusted to Messrs. 
Saxon to carry out. The original high-pressure 
cylinder of 21 in. diameter was removed and replaced 
by a new high-pressure cylinder of 28 in diameter, and 
the original intermediate and low-pressure cylinders 
were retained, but were both operated as low-pressure 
cylinders, the two together being equivalent to one 
low-pressure cylinder, 60} in. diameter. The original 
ratio of high-pressure to low-pressure cylinder volume 
was 1: 5-9, but with the engine operating as a com- 
pound with a new high-pressure cylinder, it became 
1: 47. 

In connection with the alterations it was of course 
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recognised that the initial total effective pressure on 
the new high-pressure piston would be greater than on 
the old piston, because of the greater diameter of the 
former, and also that the original low-pressure cylinder 
would be called upon to do more work than under the 
old conditions. To meet the heavier stresses involved 
by the change, new piston rods, crossheads and con- 
necting rods were supplied to both these cylinders. 
A new slide standard was also found necessary for 
the high-pressure cylinder. Furthermore, with the 
increase of the engine power, greater air-pump and 
condenser capacity was required. This was provided 
by means of an additional air pump and condenser, 
and advantage was taken of the renewal of the high- 
pressure standard, to arrange that the new standard 
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should be fitted with levers by which the new air pump 
could be worked. This air pump works with its own 
condenser, which takes the steam from .the smaller 
of the two low-pressure cylinders. The new pump 
is 25 in. diameter by 14 in. stroke, and the original 
pump which serves the larger low-pressure cylinder 
only, is 36 in. diameter by 16 in. stroke. The arrange- 
ment of the engine, after conversion will be under- 
stood from Fig. 4, above. which should be compared 








with the illustrations of the engine as originally built. 


The results of the conversion of the engine fully 
justified the expectations. After the alterations it 
would turn 1,700 i.h.p. with a mean effective pressure, 
referred to the low-pressure cylinders of 31-2 lb. per 
square inch, and 1,590 i.h.p., with an m.e.p. of 29-3 Ib. 
per square inch, the piston speed being 624 ft. per 
minute. The rope pulley is 22 ft. in diameter, grooved 
for 28 ropes 1§ in. diameter, the rope speed at 78 r.p.m. 
being 5,391 ft. per minute. When the engine is 
developing 1,590 i.h.p. the actual power transmitted by 
each rope, allowing for engine friction, is about 51 h.p. 
As regards evenness of turning effort, which is, of course, 
an essential feature of engines for driving cotton mills, 
the diagrams from the Moscrop Recorder show an even 
steadier line than before the conversion. The owners 
state, moreover, that the coal consumption has been 
substantially reduced by the change. When the engine 
was running as a triple expansion engine, the coal 
used by the mill just prior to the alteration was 76 tons 
to 80 tons per week, giving an average consumption of 
about 2-29 lb. per indicated horse-power for all pur- 
poses, based on the development of 1,590 i.h.p. for a 
48-hour week. After the alteration the coal consump- 
tion fell to 63 tons to 65 tons per week, giving an 
average consumption of 1-87 Jb. per indicated horse 
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power per hour for all purposes calculated under the 
same conditions as before. The net result of the altera- 
tions may be summarised by saying that the engine 
now runs at its proper speed with the boiler pressure 
reduced to 160 lb. per square inch, an extra load of 
_-*0 i.h.p. is being carried in respect of a dynamo which 

was installed and the coal consumption has been re- 
duced by about 18 per cent. 

Figs. 5 to 9 illustrate the design of the steam valve 
trip gear with which the engine was originally fitted by 
Messrs. Saxon, and which has been retained. It is a 
standard type used by the firm for many years, and is 
employed in connection with both horizontal and 
vertical cylinders. The levers fixed to the ends of the 
Corliss valve spindles are operated by means of con- 
necting rods, the end of each rod being turned to a 
spherical shape, as can be seen in the sectional part 
of Fig. 6. The spherical end is held in a socket formed 
in a piston, the rod of the piston being hollow and 
loosely surrounding the connecting rod. A pair of 
such pistons are contained in a fixed dashpot bolted 
to a bracket carried from the cylinder casting, and 
between the pair of pistons is a strong helical spring 
tending to force them outwards and against the ends of 
the dashpot. The bracket which carries the dashpot 
has a planed surface, which, together with the under- 
side of the dashpot cylinder, forms a guide for a sub- 
stantial cast-iron slide. This slide is given a constant 
reciprocating motion by means of an eccentric rod 
driven by aneccentric on the crankshaft of the engine. 
At each end of the slide is fixed a trip block, through a 
square hole in which the dashpot piston rod is a — 
fit. On one side the piston rod carries a hardene 
steel trip plate, the end of which catches against the 
end of a hardened steel die-piece working in a slide 
cut in the trip block. 

Referring now to Fig. 6, it will be seen that the die is 
pressed against the side of the trip plate. The slide 
can, therefore, travel upwards without causing any 
motion of the valve. When the trip block, however, 
has moved a certain distance up, the die-piece passes 
over the end of the trip plate, which is pushed in 
as far as its slot will permit under the action of a small 
spring. As the trip block comes back on the return 
stroke of the slide, the die-piece catches against the 
end of the trip plate and moves the valve rod down- 
wards, thus opening the Corliss valve and at the same 
time compressing the spring in the dashpot. There 
are a pair of levers pivoted to the trip block, and as the 
block moves down, the toes of these levers are caused 
to move, Atacertain point they come in contact with 
the projecting lugs on the die-piece and further motion 
of the tripiblock then causes the die-piece to be shifted, 
so that it releases the trip plate and the valve is closed 
smartly by the action of the spring. An adjustable 
air by-pass shown in section in Fig. 5 regulates the 
amount of cushioning. The levers which lift the die 
pieces are adjustably connected at their upper ends by 
means of rods to a central lever, the position of which is 
controlled by the governor, in the case of the high-pres- 
sure cylinder. It is thus easy to see that the governor 
directly controls the point of cut-off in the high-pressure 
cylinder, and the power required to do this is so little 
that a very close speed regulation is obtained. 

Figs. 10 and 11 are reproductions of indicator cards 
taken respectively before and after the conversion of 
the engine. In the first set the extreme lateness of the 
cut-off in the high-pressure cylinder will be noticed. 
To enable the engine to do the work required of it, 
this cylinder had to take high pressure steam for nearly 
three-quarters of the stroke, whereas after the alteration 
a very much earlier cut-off is possible, as shown by the 
upper cards in Fig. 11. The cards in Fig. 10 show 
the average mean effective pressures in the three 
cylinders to be respectively 84 lb., 27-32 Ib. and 15-77 
lb., giving indicated horse-powers of 546-8, 439 and 
605-4 respectively, at 77-5 r.p.m. After the engine 
had been compounded the M.E.P. in the high-pressure 
cylinder was 71-5 lb., and that in the two low-pressure 
cylinders was 15-65 lb. and 12-8 lb. respectively. The 
corresponding horse-powers are 837-5 for the high- 
pressure cylinder and 254-5 and 498 for the two other 
cylinders, the speed being 78-5r.p.m. The boiler pres- 
sure under the first conditions was 190 lb. per square 
inch, but after alteration the same load was carried 
with 162 lb. per square inch a’. the boiler, this being 
the pressure when the second sec of cards was taken. 








Tue Drintine or Square Howes.--The Lanston 
Monotype Corporation, Limited, of 43, Fetter-lane, 
London, E.C, 4, have arranged to give a demonstration 
of square hole drilling at the Government Instructional 
Factory, Alma-street, Coventry, during the week com- 
mencing Tuesday, August 22, at which all engineers 
interested in the subject will be welcome. The work is 
done by means of the “* Radbore”’ head, which can be 
attached to existing milling or drilling machines, and 
enables square holes or rectangular slots to be cut from 
the solid. The corners of the holes can be left either 
with a small fillet or perfectly sharp as desired. We 
described the Radbore attachment very completely in 
our issue of January 14, 1921. 
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PORTABLE LOADING MACHINERY. 


Tue loading of bulk material such as coal, ashes, 
stone, &c., into lorries or barrows by hand-shovelling is 
a tedious operation, arduous for the men and costly 
for the employer. The direct expense in wages is 
obvious, but besides this there is also a considerable 
expense due to the idleness of the lorries during the 
time taken to load them. From every point of view 
it is better to adopt mechanical means to replace the 
labour of human muscles whenever the amount of 
work is sufficient to warrant the capital outlay, and 
the application of machinery to the loading of bulk 
material is a case in point. To meet the demand for 
machinery of this kind the Jeffrey Manufacturing 
Company of Columbus, Ohio, who are represented in 
this country by Messrs. Hugh Wood and Co., Limited, 
of 65, Fenchurch-street, London, E.C. 3, have placed 
upon the market a self-propelled loader, the general 
nature of which will be understood by reference to the 
illustration, Figs. 1 to 4, on page 208. This type of 
machine has proved highly successful in its country of 
origin for the rapid and cheap handling of many classes 
of material. 

The machine consists essentially of a digging bucket 
elevator mounted on a carriage containing the engine 
or electric motor which furnishes power both for 
moving the machine and driving the elevator. The 
loader is built in two sizes, one having buckets 18 in. 
by 12 in., and the other with buckets 14 in. by 10 in. 
The buckets are of malleable cast-iron, with renewable 
steel digging teeth riveted to their front lips and ends. 
The buckets are wider than the elevator boom, and the 
machine therefore cuts a clearance for itself and can 
back into the heap which it is removing for a distance 
of 8 ft. or 10 ft. without any clearing away of the 
material. No hand-shovelling is required to feed the 
buckets as the machine backs into its work by its own 
power. It is carried on three wheels, a feature which 
increases its handiness in confined situations. The 
smaller size of machine has a travelling speed of 60 ft. 
per minute for moving from pile to pile and a speed 
of 4 ft. per minute for feeding into the material. It will 
load at the rate of 1 cub. yard per minute, and will 
handle crushed stone up to sizes which will pass through 
a 2-5 in. diameter ring. Coal up to 6-in. lumps can be 
handled by the same machine. 

In the case of the larger machine, the loading 
capacity is from 1-5 cub. yards to 2 cub. yards per 
minute, and stone up to a size which will pass through 
a 3-in. ring or coal up to 6-in. lumps can be dealt with 
by it. “The machines are driven either by a petrol 
motor or an electric motor as may be desired, and all 
controlling levers are in plain sight and within easy 
reach of the operator. The mechanism is as simple 
as possible so that the machines may be used by 
unskilled labour. The larger machine can be equipped 
with chain tracks, as shown in Fig. 4, if desired. Such 
tracks are advantageous when the machine is required 
to work on soft, rough or very rocky ground, or in 
sand. Each track can be operated independently of 
the other so that the machine can be caused to turn 
sharply when manceuvring into position. 





INCREASES IN GERMAN PRICES. 

Tue Commercial Secretary at Cologne has forwarded 

to the Department of Overseas Trade extracts from the 
German press of recent dates dealing with various in- 
creases in prices, as follows :— 
Castings.—-The Association of German Foundries, 
the ‘‘ Giessereiverband,” has decided to increase the 
prices for castings by 50 per cent. for the month of 
August. The prices for cast-iron socket pipes have been 
increased by 35 per cent. and for cast-iron flanged pipes 
by 40 per cent. 

Wood Screws (Brass).—The sales office of the German 
wood screw manufacturers has decided on an increase 
in prices for brass wood screws, with immediate effect, 
so that the extra charges will be increased from 2,500 


per cent. to 5,000 per cent., and 3,200 per cent. to 6,000 
per cent, for the various sizes. 
Pig-Iron.—The coal and coke prices having been 


fixed as from August 1, the Pig-Iron Committee has 
increased the pig-iron prices as follows: Hematite, 
11,317 marks; Stahleisen, low copper content, 10,649 
marks ; foundry pig-iron I, 10,481 marks; foundry 
pig-iron III, 10,411 marks; Siegerland Stahleisen, 
10,649 marks ; Spiegeleisen, 8 per cent. to 10 per cent., 
11,823 marks; Sound pig-iron, Luxemburg quality, 
9,602 marks; ferro-manganese, 80 per cent., 19,784 
marks ; ferro-manganese, 50 per cent., 18,718 marks ; 
ferro-silicon, 10 per cent., 13,623 marks; malleable 
pig-iron, 11,284 marks. 

(In this case, as recently as July 27, the Kdlnische 
Zeitung reported heavy increases to become operative 
from August 1. The above mark a still further material 
advance. ) 

The Deutsche Stahlbund and the New Prices.—At the 
discussion held a few days ago between representatives 
of producers, consumers and trade the question of the 
future settlement of prices covered wide nd. Con- 
sumers and the trade were convinced that the works could 
not manage without a considerable increase and, after 
lengthy discussion, it was agreed to increase the price of 





bar iron by 8,000 marks, the other rolling mill products 
undergoing a corresponding increase. The prices as 
from August | are as follows: Raw ingots, 14,480 marks ; 
first rollings, 15,840 marks; billets, 16,420 marks ; 
sheet billets, 16,850 marks; sections, 19,190 marks ; 
bar iron, 19,470 marks ; common plate, 21,200 marks ; 
hoop iron, 22,150 marks; wire rod, 20,980 marks; 
thick plate, 5 mm. or more, 21,860 marks ; medium plate, 
3 mm.—under 5 mm., 24,840 marks; thin sheet, 1 mm.— 
under 3 mm., 26,710 marks; thin sheet, under 1 mm. 
28,030 marks. , 

The above prices are quoted for delivery in Thomas 
trade quality per 100 kg. The extra price for deliveries 
in Siemens Martin quality remains temporarily un- 
changed. New prices will be fixed shortly at a meetin 
of the committee, at which, dependent upon the further 
development of the exchange, basic prices will again 
be fixed. 

Leaden Ware.—Owing to the tremendous appreciation 
of foreign exchange the Rhenish-Westphalian Lead 
Traders’ Association at Diisseldorf decided to increase 
its warehouse prices for rolled and pressed leaden ware 
by 700 marks to 9,200 marks per 100 kg., with immediate 
effect. The last price increase was on July 26, by 
900 marks to 8,500 marks. 

Copper Plate.—The Copper Plate Association at Cassel 
has increased its basic prices for copper plate with 
immediate effect by 1,100 marks to 21,000 marks per 
100 kg. The last price increase was on July 26, by 
800 marks to 19,900 marks. 

Cement.—The cement prices have been increased by 
5,500 marks per 10,000 kg., as from August 1. 

Inland Ores.—The Berg und Hiittenmaennische Verein, 
Wetzlar, has increased the price of iron ore for August 
by some 25 per cent. to 30 per cent., according to quality. 
Red ironstone, for example, now costs 1,200 marks per 
ton free in truck at mine, as against 850 marks in July. 
The Siegerland Iron Stone Association, whose prices 
during July were increased for raw sparry iron ore to 
1,544-50 marks, and for roast sparry iron ore to 2,176-50 
marks, has introduced for August further additions of 
335-50 marks and 500 marks respectively. The new 
prices are, therefore, 1,880 marks and 2,676-50 marks. 
The price for the latter in February, 1922, was 875 
marks, and is now 140 times the pre-war price. 

Electrical.—The price centre of the Central Association 
of German Electro-Technical Industry has decided 
to increase prices from August 1 by about 30 per cent. 

Rivets.—The Economic Association of German Rivet 
Manufacturers, Diisseldorf, has increased prices from 
August 1 by 15,200 marks per ton, so that basic prices 
for boiler, bridge and ship rivets are now 38,000 marks 
per ton. The increase for ordinary merchant rivets 
is now 9,900 per cent., as against 5,800 per cent. 
formerly. Sale prices are those ruling on the day of 
delivery. Should the price of coal increase before new 
prices of rivets are decided, the increase will be 6 marks 
per ton for each advance of 1 mark in the price of coal. 

Galvanised Ironware.—The Association of Galvanised 
Ironware Manufacturers has decided to increase prices 
from August 1, by 1,000 per cent. over basic rates. 

Benzol.—The Benzol Association, Bochum, has fixed 
the errs | prices ex store per kilogram, as from 
August 3: Tetralit benzol, 46 marks; purified B.V. 
motor benzol, 56-20 marks ; purified toluol, 59-50 marks; 
purified solvent benzol I, 56-20 marks ; purified solvent 
benzol II, 45-50 marks; benzol ‘‘ Vorlauf,’’ 51 marks ; 
non-purified heavy benzol, 34-50 marks.y 





THE MEETING OF THE British ASSOCIATION AT HULL. 
—In last week’s issue some details were given of the 
pea of the forthcoming Hull meeting of the 

ritish Association. In addition to the papers announced 
at the discussion on the ‘‘ Strength of Railway Bridges,” 
will be one by Mr. Conrad Gribble, of the North-Eastern 
Railway, entitled ‘‘ Present-Day Problems and Tenden- 
cies in Railway Bridge Design.’’ This paper, taken in 
conjunction with that by Messrs. A. C. Cookson and 
J. 5. Nicholas, of the Great Western Railway, should 
result in an important discussion on a problem of wide 
interest at the present time. 


FREQUENCY-SENSITIVENESS OF THE Ear.—In their 
experiments on the sensitiveness of normal and deaf 
ears, H. Fletcher and R. L. Wegel, of the Research 
Laboratories of the American Telegraph and Telephone 
and the Western Electric Companies (Physical Review, 
June last) aimed at results of dynamical significance. 
A special air-damped telephone receiver is clamped to 
the ear and is excited by currents of variable frequency, 
the current intensity being changed by a special alternator 
until the threshold value of audibility is reached. The 
walls and ceiling of the room in which the experiments 
are made are built up of sheet iron and felting, the inner 
surface consisting of cloth on felt. Of the persons tested, 
about 100 were considered normal as to hearing, 20 more 
or less deaf ; the normal ears themselves differed much 
as to absolute sensitivity and to relative frequency 
sensitivity, just as the various experimenters Toepler 
and Boltzmann, Rayleigh, Wien, Webster and others 
differed. On an average, however, the minimum audible 
meget variation decreases regularly with the frequency, 
rom about 0-15 dyne per square centimetre at 60 cycles 
to 0-001 dyne at 1,000 cycles, then remaining approxi- 
mately constant up to at least 4,000 cycles. The speech 
range lies between 600 cycles and 4,000 cycles. People 
who require, within that range, about 0-1 dyne per 
square centimetre for hearing are considered slightly 
deaf; if they can notice pressure variations of 1 dyne, 
they can still follow conversation. Pressure variation 
of 1,000 dynes would be painful. Some people, so to 
8 therefore would appear to hear 1,000,000 times 
better than others who are nearly deaf, 
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“STATIC THEORY AND KINETIC FACT.” 
To THe Eprror oF ENGINEERING. 

Srr,—My attention has just been drawn to Mr. Dance’s 
letter in your issue of the 4th inst. I made no suggestion 
in mine as to what “ ought to be,’ but merely sought to 
give expression to what actually is. Starting out from 
a misconception on this point, Mr. Dance goes to some 
trouble to elaborate an argument of his own ; and then, 
with the assistance of phrases about “‘ pseudo-scientific 
jargon’’ and the like, carefully demolishes that which 
he has himself built up. 

Now, however interesting this illustration of Mr. 
Dance’s mental processes may be, I am not here con- 
cerned with it except in so far as he may show that the 
statements in my former letter are inaccurate. This 
he fails to do. There is nothing in his letter which 
either adds to or detracts from mine. 

Yours faithfully, 
Huear P. 


: VowLes. 
Amberley, Gloucestershire, August 9, 1922. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—There is little change in the general 
tone of trade now that the different branches of industry 
have settled down after the Bank Holiday stoppage. 
In the case of the cheaper grades of steel, there is certainly 
a decided improvement, but on the whole, orders are 
being held up until after the removal of the engineers’ 
bonus which was agreed on last week. This will not 
come into full effect until the end of September. This 
reduction will also include workers in the edge tool 
and the joiners’ tool trades and will thus reduce pro- 
duction costs substantially. A large quantity of tools 
was recently exported from Sheffield to Russia, chiefly 
consisting of implements and requisites for agriculture 
and forestry. High quality acid steel is very quiet ; 
hematite pig-iron is practically at a standstill, and the 
demand for ordinary hematite is about on the same 
level. This tone also extends to the high-speed steel 
section, but. it is expected that other kinds of alloy steels 
which only Sheffield is in a position to supply will ere 
long be required for the aeroplane industry. Ferro- 
alloys are quiet and the sale of tungsten is being impeded 
by German competition, which is very much in evidence. 
Railway contract work is reported to be reviving on 
important constructional contracts which have been 
shelved ‘during the war period. 


South Yorkshire Coal Trade.—A shortage of orders 
continues to mark the coal trade of the district, and 
business is only on a very moderate scale. The extended 
stoppage for the holidays has done but little to remove 
stocks. Best steam coal is, however, now going away 
a little better both on home and export account. Cobbles 
and nuts are moving slowly, but slacks are in somewhat 
better demand and prices have an improved tendency. 
The autumn demand for house coal, especially the better 
qualities, is steady. In furnace and foundry coke a fair 
business is being done, though the shortage of smalls 
has the effect of restricting the output. Gas coke is 
selling well. Prices at the pit are as follows :—Quotations : 
Best branch handpicked, 36s. to 37s.; Barnsley best 
Silkstone, 338s. to 348.; Derbyshire best brights, 23s. 
to 24s.; Derbyshire best house, 21s. 6d. to 228. 6d, ; 
Derbyshire best large nuts, [9s. to 21s. 6d. ; Derbyshire 
best small nuts, 15s, to 16s. 6d.; Yorkshire hards, 
21s. 6d. to 228. 6d. ; Derbyshire hards, 19s. 6d. to 21s. ; 
rough slacks, 88. 6d. to 10s. 6d.; nutty slacks, 7s. 6d. 
to 8s. 6d, ; smalls, 3s. to 5s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MripDLesBRovuGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland 
pig-iron is still within narrow limits, but there is a rather 
better feeling, and hope is expressed that trade will 
expand notwithstanding money market obstacles to 
Continental transactions. There is a little more doing 
with Scotland, though Midland iron is still competing 
keenly for orders beyond the Tweed. Sales to America 
are confined to parcels of special irons. Great scarcity 
of No. 1 siliceous pig-iron keeps those qualities firm at 
958., but other grades are plentiful and rather easy in 
price. No. 3 G.M.B. is 878.; No. 4 fountiry, 85s. ; 
No. 4 forge, 82s. 6d. ; and mottled and white are. 80s. All 
the foregoing quotations are f.o.t. makers’ works, and 
f.o.b. Tees. 


Hematite.—Output of East Coast hematite continues 
a good deal in excess of requirements, and with stocks 
accumulating and assuming rather large proportions 
there is some pressure to sell. Producers, however, are 
very reluctant to make price concessions, and some 
firms still ask up to 92s. for Nos. 1, 2 and 3, for home 
purposes, but customers report that they can purchase 
all they need at less and name as low a figure as 90s. 
The export price may now be put at 89s. 


Foreign Ore.—Inactivity characterises foreign ore. 
Best rubio is on sale at 25s. c.i.f. Tees, and good Mediter- 
ranean ores are round about 23s. c.i.f. Tees. 


Coke.—Durham blast-furnace coke is in ample supply, 
and though some sellers are inclined to hold out for more, 
local users declare they can satisfy their needs at 26s. 3d. 
for average qualities delivered. 


Manufactured Iron and Steel.—The situation as regards 
finished iron and steel is very far from satisfactory, but 
it is gratifying to learn of more disposition to enter into 
contracts. A few moderate orders indeed are understood 
to have been booked, and there is prospect of some of 
the plant that has been idle for many months being 
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restarted in the near future. As was expected, the 
declaration of a free market for steel has been followed 
by price cutting, and home quotations have fallen 
10s, to 20s. The following are among the principal 
prices :—Common iron bars, l1l/.; black sheets, 12/. ; 
galvanised corrugated sheets, 16/. 10s.; steel boiler 
plates, 12/. 108. ; steel ship, bridge and tank plates, 9. ; 
steel angles, 8/. 10s. ; steel joists, 9/.: and heavy sections 
of steel rails, 9/. 10s. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Scottish Steel Trade.—Movement in the steel trade of 
Scotland is extremely slow at the present time, and 
employment has not improved to any extent. The 
reduced prices have not yet brought out much fresh 
business, but buyérs show more inclination to place 
orders, and a strong feeling is prevalent that conditions 


‘at the producing works will gradually get better before 


very long. The inquiries now in the market point to a 


‘| fair amount of material of one sort and another being 


required, and if only some improvement would take 


‘place in the shipbuilding industry the steel trade would 


Yevive considerably. Export continues very slow, and 
the tonnage being shipped is quite small. The following 
are to-day’s home quotations :—Boiler plates, 12/.. 10s. 
per ton; ship plates, 9/. per t-n; and sections, 8/. 158. 
per ton—all delivered Glasgow. 


Black Steel Sheets.—Prices Reduced.—The state of 
things in the black sheet trade is appreciably better 
this week and the outlook is fairly good. Home con- 
sumers are not increasing their commitments on any 
enthusiastic scale, but quite a respectable tonnage in 
thin plates has been booked for export. The reduction 
in prices which was agreed upon by the Scottish makers, 
and which came into force on Monday of this week, may 
have the effect of stimulating the home demand. The 
new prices are from 10s. to 15s. under last quotations, 
and are now as follow :—Black sheets, under } in. to 
fs in., 101. per ton; ¥ in. to } in., 10/. 108. per ton ; 
4 in. to 16 G, 11/. 15s. per ton; 16 to 20 G., 121. 15s. 
per ton; 20 to 24 G., 131. 5s. per ton; 24 to 27 G., 
141. 58. per ton, delivered Glasgow or equal. 


Malleable Iron Trade.—A little change for the better 
has been apparent in the West of Scotland malleable iron 
trade during the week. The demand is not heavy 
overall, but has an increasing tendency, and although 
many inquiries have been going around recently the 
actual results have been a trifle disappointing. The 
prospects of securing a fair number of export orders are 
considered to be rather brighter, but local buyers are 
still slow to fix up heavy quantities because of their 
hope to obtain more favourable terms soon. For home 
consumption “‘ crown” bars are called 10/. 108, per ton, 
delivered Glasgow. 


Scottish Pig-Iron Trade.—While the number of 
furnaces now in blast is rather larger than it was a few 
months ago, the output of pig-iron is not satisfactory. 
Hematite is in poor demand, but the foundry grades, 
owing to the demand from America, are considerably 
better, but this is chiefly on export account. Some firms 
have orders booked for quite a fair tonnage for early 
shipment, but some of the others are not so well placed. 
The home demand continues poor, but the outlook is 
more hopeful. Quotations while firm, do not mark any 
change over the week, and are as follow :—Hematite, 
51. 88. 9d. per ton, delivered at the steel works ; foundry 
iron, No. 1, 4/. 17s. 6d. per ton, and No. 3, 4/. 128. 6d. 
per ton, at makers’ works. 


Shipbuilding.—A, great amount of interest has been 
aroused here by the request of the Shipbuilding Employers’ 
Federation for a national conference with the Federation 
of Shipbuilding and Engineering Trades, on September 1, 
at Edinburgh, to discuss the discontinuance of the pay- 
ment of the remaining 10s. of the 26s. 6d. war bonus. 
Opposition to any further reduction in the meantime 
is sure to be very pronounced on the part of the workers. 
Intimation has just come to hand that Messrs. Yarrow 
and Co. (1922), Limited, who closed down their ship- 
building and engineering works at Scotstoun at the end 
of the year have decided to reopen their boiler depart- 
ment’ forthwith. This is due to the demand for the 
Yarrow boilers, orders having been booked recently for 
a number both for land and marine purposes. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

July Average Coal Prices.—The average prices realised 
for coal exported from South Wales ports in July were 
considerably less than those obtained in June. In the 
case of large steams shipped from Cardiff the f.o.b. 
average showed a reduction of 1s. 7d. per ton, for 
throughs of 1s. 1ld. and for smalls of 6d. The great 
change that has taken place in export prices is shown 
in the following table, which gives the average prices 
realised for steams shipped from Cardiff in July of the 
past three years and July, 1913 :— 


Small. Through. Large. 

July— es. d. 8. d, 8s. d 
1922 yee it 3 20 9 25 2 
1921 21 $7 35 5 45 9 
1920 74 8 91 11 91 5& 
1918 9 8 13 10 17 6 


It will be observed that in the past month the average 
price realised for large though a quarter of that realised 
two years ago and about half that secured twelve months 

, was about 50 per cent. aboye the price secured in 
1913. Anthracite smalls shipped from Swansea last 
month realised an average of 308. 3d., compared with 
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28s. 10d. in June and 19s. 6d. in March, while large 
averaged 448. 4d. against 41s. 9d. in June and 33s. 1d, 
in April. 


The Coal Trade.—Shipments of Welsh coal on American 
and Canadian accounts are proceeding actively at the 
South Wales docks. Last week 115,000 tons, represent- 
ing a third of the total shipments, were despatched to 
the States, while 14 more steamers of 64,000 tons were 
chartered, bringing the total up to 114 steamers of 
700,000 tons carrying capacity. Twenty-eight vessels 
of 93,000 net tons were ‘‘ entered outwards,’’ making the 
total to date 83 vessels of 260,000 net tons, equal to a 
cargo-carrying capacity of about 520,000 tons. At 
present there is a pressing demand for anthracite coals 
for shipment to Canada, but in view of the high prices 
ruling for these sorts—75s. per ton f.o.b. for sized coals 
and 65s. for large—and the difficulty experienced in 
securing supplies even at these figures, drys are being 
taken as a substitute. In the circumstances, best dry 
large has stiffened to 31s. 6d. and ordinaries to 30s., with 
smalls from 17s. 6d. to 208., which represents a rise of 
about 2s. 6d. per ton. Steam coals are firm on the basis 
of 31s. for best Admiralty large, 30s. for second Admiralty 
and Monmouthshire large and 22s, 6d. for best steam 
smalls. Business has been transacted for both September 
and October shipment at 308. and 31s. for best large 
steam coal. Sized coals of all descriptions are very 
scarce, with dry nuts realising 32s, 6d. and bituminous 
sizes from 27s. 6d, to 30s. There is also a good demand 
for. coke with foundry for export quoted at 40s. to 45s. 
f.o.b,, and for home use at 37s. 6d. to 408. at ovens. 
Gas coke is steady at 298. to 30s. and furnace coke is 
from 25s. to 26s. The demand for patent fuel is inactive, 
but in view of the increased price of coal and high cost of 
mesa sellers firmly demand from 28s. to 30s. for Cardiff 

rands and 27s, 6d. for Swansea makes. 





THE UNIVERSITY oF LoNDON—-UNIVERSITY COLLEGE 
ENTRANCE ScuortarsuiP.—A Goldsmid Entrance Scholar- 
ship of the value of 90/. (30/. a year for three years), 
tenable in the Faculty of Engineering at University 
College, London, will be awarded on the results of an 
examination to be held in the last week of September. 
Entry forms must be sent in to the Secretary not later 
than September 9th. 

Tue CANADIAN WATER Resources INDEX.—In con- 
nection with the compilation of an inventory of the 
water resources of Canada, the Dominion Water Power 
Branch of the Department of the Interior has divided 
the country into 11 main sections based on the principal 
drainage areas and water sheds. Each of these major 
divisions is given a number and each is subdivided 
again on a drainage basis into areas which are denoted 
by a letter of the alphabet. For instance, 2B denotes 
section B of the major division 2, which happens to be 
the St. Lawrence River drainage area. The lettered 
subdivisions are again split up, for the more minute and 
detailed records, into lettered sections. Thus 2Bp denotes 
section D of the subdivision B of the major area 2. The 
standard index maps are on 14 in. X 11 in. sheets. The 
index figures and numbers are used for all data such as 
undeveloped sites, strearn measurement sites, storage 
sites and so on, 


DISINTEGRATION OF SopA Lime Guiass In WaTER.— 
Some disconcerting observations were made by the United 
States Bureau of Standards when testing ordinary soda- 
lime glass in distilled water at various temperatures 
and in autoclaves at pressures up to 50 lb. per sq. in. 
Immersed in water at 60 deg. C. ordinary battery 
jars, empty and dry inside, cracked in a few weeks and 
spalled badly on the outside, the disintegration increasing 
with time. Certain tumblers and milk bottles did not 
stand 5 hours boiling in an autoclave at 5 lb. pressure ; at 
higher pressures some were deformed. The outer and the 
inner surfaces of the glass behaved differently, both in 
pressed and blown wares, spalling being confined to the 
outer surface. Reheating to 515 deg. C. (softening point) 
ee the spalling. The er from which we quote 

y A. E, Williams (Journal of the American Ceramic 
Society) does not give analyses of the glasses, some of 
which were evidently of poor quality. But the boiling 
test mentioned seems to be suitable for the purpose. 

Tue History or Optica, Griass.—The history of 
Pierre Louis Guinaut, of Les Brenets, near Le Locle in the 
Swiss Jura, who is credited with having made the first 
homogeneous crown and flint glasses, and thus with 
having started optical glass making about 1790, is an 
instructive example of what skill and perseverance can 
achieve. According to W. Zschokke (Zeitschrift Instru- 
mentenkunde, July) Guinaut, born 1748, was the son 
of a carpenter and made boxes for watches as a boy. 
His short-sightedness brought him to a spectacle maker ; 
he learnt lens grinding while still box-making, and when 
he had an opportunity of taking a telescope to pieces, 
he made another and constructed, with the aid of a 
piece of flint obtained from England, an achromatic 
telescope. He was then only 20 years old, and reading 
was still hard work for him, as he had no schooling. Not 
satisfied with the glass he tried glass-making, first 
experimenting with small quantities, noting the propor- 
tions, times, and temperatures as far as he could. When 
he built his furnace for charges of 100 |b., recognising 
that small experiments were useless, other serious troubles 
began. By 1795 he was able to supply a superior lens to 
Paris. A financial man then brought him into contact 
with Utzschneider and Fraunhofer, and he joined the 
latter at the Benediktbeuern glass works in Bavaria in 
1805. Returning to Switzerland in 1814, Guinaut had 
his own glass works. He died in 1826. His son Henry 
took the art to France. 
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COMPLEX STRESS. 

From the early days of stress analysis the con- 
nection between stress and strength has exercised 
many minds. The mathematical theory of elasticity 
makes it possible to compute stresses and strains 
with considerable accuracy, but what the engineer 
needs to know is not the stress on his structure 
but its factor of safety, and experience shows that 
the connection between the two is far from a simple 
one. A notable instance is afforded by chains. 
Probably, in no other employment, is material 
subject to such abuse as in crane chains, where the 
load may surge, and the static stress be seriously 
augmented by dynamic effects. Both theory and 
experiment show that under their rated loads 
stresses of some 30,000 lb. per square inch are 
developed in the material, yet accidents due to the 
breakage of chains are relatively infrequent, a result 
which emphasises once again the truth of Professor 
Unwin’s dictum that an empirical factor always 
enters into the fixation of suitable working stresses. 
It was largely with a view to eliminating this 
empirical factor, or at any rate to reducing its 
relative importance, that the British Association 
appointed a committee to study complex stress. 
This committee has issued several reports, the last 
of which has been published this year.* It cannot, 
however, be said that any very substantial progress 
has been made. The interesting experiments of 
Professor Coker, in which stresses in xylonite 
specimens have been determined by optical methods, 
have confirmed in a very striking way deductions 
based on the mathematical theory of elasticity. In 
particular it has been shown that in eyebars the 
maximum stress on the metal is very much greater 
than the mean. Nevertheless in a paper read before 
the Institution of Naval Architects in 1917, 
Lieutenant W. A. Scoble, R.N.V.R., showed that 
the ultimate strength of such eyebars was practically 
unaffected. 

Early investigators assumed as a working rule, 
that fracture occurred when the stress on the 
material attained a certain magnitude, but later 
developments in the mathematical theory of 
elasticity, indicated that by varying the method 
of loading the same stress might be associated with 





* British Association Reprints, “Stress Distribution 
in Engineering Materials,’’ published by the Association 





at Burlington House, W. 1, price 3s. 6d. 


|different strains. Since the “rupture of a bar 


involves the separation of its particles it was argued 
that strength must vary inversely with strain, since 
this strain measured the relative displacement of 
contiguous particles, and rupture ensued when this 
displacement exceeded a certain limit. On the 
whole, however, experience is less in accord with 
this view than with the older theory. Still another 
view put forward was that the strength of a material 
was limited by the shearing stresses developed. 
A solid body subjected to a uniform hydraulic 
pressure does not rupture, and within wide limits 
this appears to be true also of a body subjected to 
a perfectly uniform tension. Rather more than a 
century ago, Young concluded that the tensile 
strength of water was not very different from that 
of steel. In practice this limit is not attained 
because the air or other gases dissolved in the water 
have the same effect as if the liquid were cracked 
in all directions. Its tensile strength can, however, 
be estimated from the surface tension, which at 
15 deg. C. is about 73 dynes per centimetre. The 
thickness of the layer responsible for this tension 
is of the order of 10-* cm., so that the stress carried is 
of the order of 73 x 10-* dynes per square centi- 
metre = 110,000 lb. per square inch nearly. As the 
surface layer of water is in a very special molecular 
state, it is probable that the real tensile strength 
of pure water considerably exceeds this limit; but 
its shear strength is nil, and hence under a non- 
uniform distribution of tension or pressure it gives 
way at once. A very striking illustration of the 
effects of a non-uniform distribution of an hydraulic 


| pressure has been afforded by certain experiments 


of Professor Bridgman, of Harvard. In_ these 
experiments bars of different materials were placed 
in an hydraulic cylinder, the ends of the bars pro- 
truding through glands in the cylinder heads. 
These ends, therefore, were free from the pressure 
to which the sides of the bars were subjected. 
Theory shows that under such conditions shearing 
stresses are developed in a material just as they 
are in an ordinary compression test, in which 
failure commonly occurs through shear. This was 
exactly what happened to Professor Bridgman’s 
bars, most of which drew down and parted very 
much as they would have done under an ordinary 
tension test. Some anomalies were, however, met 
with, as rods of glass broke off short. This peculiarity 
raises the question as to how far materials such as 
glass and xylonite, which are amorphous materials, 
can be considered as the equivalent of engineering 
materials which have invariably a crystalline 
structure. There seems no doubt that within 
the elastic limit the structure of the material has 
little effect on the intensity of the stresses developed. 
Indeed, experiments made some thirty years ago 
by the Austrian Society of Engineers and Architects, 
on masonry bridges, showed that the deflections 
were in good accord with those calculated from the 
mathematical theory of elasticity. When, how- 
ever, questions of ultimate strength and factors 
of safety are involved, glass certainly and celluloid 
possibly, behave in a different manner to our 
ordinary materials of construction. 

The experiments of Professor Bridgman referred 
to above, tend to support the view that the strength 
of materials depends on the resistance to shear. 
In certain other experinients, however, by the same 
physicist, results were obtained which were irre- 
concilable with this theory, or with either of its 
predecessors. Professor Bridgman found that when 
cylinders were burst by hydraulic pressure, the 
failure occurred at the outer circumference and not 
at the inner as it should do according to any one 
of the three theories as to criterions of strength 
which have been quoted above. Here, again 
however, the behaviour of glass was anomalous. 
It has, of course, long been known that such 
cylinders were very much stronger than would be 
anticipated from the theory of elasticity, but we 
believe that the late Professor John Perry was the 
only one who attempted to provide formulas by 
which the ultimate strength of such cylinders could 
be computed.* 

In the British Association report, already referred 
to, Professor B. P. Haigh, makes another attempt 
to co-relate stress and strength, or it would 











* See ENGINEERING, March 12, 1915, page 306, 
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perhaps be more accurate to say he advances a 
new theory as to the conditions necessary for the 
elastic limit to be exceeded. His suggestion, 
made originally in 1919, is that the elastic limit is 
exceeded whenever the potential energy due to the 
strain exceeds a certain limit which depends only 
on the nature of the material. He assumes in short 
that the elastic linfit is reached when the work 
stored in the form of potential energy of strain 
is sufficient to convert the crystalline phase of the 
material into the metastable vitreous phase. 
The fact that the latter is metastable is of itself 
sufficient to prove that the internal energy of the 
material when in this form is greater per unit of 
mass than that of the crystalline phase. Hence 
to convert the ordered arrangement of the molecules 
in a crystal into the fortuitous disarray of the 
amorphous phase energy must be supplied, and 
Professor Haigh suggests accordingly, that this 
conversion begins and the elastic limit is reached 
when the potential energy stored by the elastic 
deformation of the crystals is sufficient to effect 
the change of phase. He states that deductions from 
this theory are in good accord with experimental 
results. It should be added, moreover, that Pro- 
fessor Haigh phrases his theorem very cautiously, 
applying it merely to the determination of the elastic 
limit and not to questions of ultimate strength. 

Whilst experience shows that in general the 
mathematical theory of elasticity is of little assist- 
ance in determining factors of safety, an exception 
has generally been made, in cases where the stress 
is alternating. In such conditions it has been held 
that the mathematical theory was in agreement 
with the teachings of experience. Openings in the 
deck structures of ships for example have failed, 
just at the points where the mathematical theory 
indicated the existence of high local stresses. In a 
contribution to the British Association report, 
however, Dr. A. A. Griffith states that recent 
experiments have indicated that even in the case of 
alternating stresses the phenomenon of plastic flow 
cannot be neglected. In the cases of steady stress, 
he notes that the actual loss of strength due to re- 
entrant angles and sharp fillets is very much less 
than theory would lead us to expect. This, of 
course, is general knowledge. Theory indicates 
that the stress becomes infinite at the bottom of a 
crack, yet Mr. C. E. Stromeyer, speaking at the 
Institution of Naval Architects in 1920, observed 
that he was much less afraid of cracks than he used 
to be, when his experience was smaller. This 
expression of opinion is of special weight in view of 
Mr. Stromeyer’s long connection with the Man- 
chester Steam Users’ Association, which has given 
him almost unrivalled opportunities of learning 
how failures actually do occur in practice. 

Dr. Griffith suggests that the discrepancy between 
experience and theory is largely a scale effect. 
That there must be a scale effect would seem a 
necessary consequence of the molecular constitution 
of matter; which is ignored in the mathematical 
theory, which assumes matter to be a homogeneous 
continuum. This is more nearly true in the 
case of glass than with ordinary structural materials, 
and it is noteworthy how small a surface scratch 
suffices to determine a ‘ine of fracture in glass. 
Nevertheless Dr. Griffiths states that even here 
the depth of the scratch must exceed a certain 
limit. He attributes the scale effect to the 
existence in the glass of minute flaws or discon- 

1 : 
ooo 9. If the scratches 
produce less concentrations of stress than what 
would be due to such naturally occurring discon- 
tinuities the material will not appear to be weakened 
by the scratches. He makes the interesting state- 
ment that means have been found by which these 
flaws can be temporarily eliminated, and that in this 
way the tensile strength of a particular kind of 
glass, which before treatment was 25,000 Ib. per 
square inch, was raised to no less than 900,000 Ib. 
per square inch, which is, of course, far in excess 
of anything yet recorded for steel. For the purposes 
of design in steelwork, he suggests that the radius of 
a fillet should not be less, as a minimum, than one- 
quarter the “ ruling” dimension, which in the case 
of grooves may be taken as the depth of a groove, 
whilst in crankshafts this “ ruling” dimension may 
be taken to be the shaft radius. 


tinuities of the order of 
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A paper of considerable theoretical interest is 
contributed by Professor Filon. It was for long a 
commonplace of the mathematical theory of 
elasticity, that where stress could be treated as two- 
dimensional its distribution was independent of 
Poisson’s ratio, and was thus the same for all 
materials whatever their elastic constants might be. 
Some twenty-three years ago, Mr. J. H. Michell 
showed that this rule did not hold for the case of 
“ multiply-connected ” plates, which for practical 
purposes may be taken to be plates with holes in 
them. Professor Filon has worked out the 
numerical value of the correction, in the case of a 
flat circular ring, and finds it to be quite insignificant. 
This result is in accord with what would naturally 
be expected by anyone who considered stress from 
the physical rather than from the mathematical 
aspect. 

Whenever the boundaries of a structure are free, 
the effect of Poisson’s ratio on the stress distribution 
appears to be always insignificant, and when they 
are not free, the stresses due to the constraint are 
of no practical importance, since the structure is 
generally prevented from failing by the very con- 
straints to which it is subjected. In fact, one may 
go further and point out that in all such problems 
of elasticity as arise in practice, any assumed 
distribution of stress which satisfies the boundary 
conditions will probably be safe (at least if 
the load be steady), and in most cases will 
be a fair approximation to the stresses deduced 
by the strict mathematical method. The classical 
instance is Airey’s calculation of the stresses in a 
beam under its own weight, as published in the 
ninth edition of the “ Encyclopedia Britannica.” 
Some decades after its promulgation, Ibbetson 
discovered, that Airey’s solutions did not satisfy the 
equations for internal equilibrium, though they 
did satisfy the boundary conditions. Nevertheless, 
in spite of this colossal blunder the stresses thus 
calculated, were, from the practical standpoint, not 
seriously in error. 

In the British Association Report to which we 
have referred above, Mr. R. V. Southwell points 
out, in a note on the design of ‘‘ High-Speed Discs,” 
that practically accurate calculations of the natural 
period of vibration can be derived by Lord Ray- 
leigh’s method, in which a type of deflection is 
assumed, and the periodicity deduced by equating 
the maximum potential and kinetic energies. The 
report concludes with a short note by Dr. B. G. 
Jeffery on the stresses in cylinders, subject to 
hydraulic pressure, when the bore is not concentric 
with the exterior surface. 





THE WHITWORTH SCHOLARSHIPS. 

Tue Board of Education have made some revo- 
lutionary changes in the regulations for the Whit- 
worth scholarships. Of these the most important 
is the proviso that under no circumstances whatever 
is a candidate, no matter what his native ability, 
to be allowed to obtain a scholarship as the result 
of private study or with the aid of a “ correspond- 
ence” school. The Board state that they have 
had the assistance of various persons “ interested 
in engineering education,’ in preparing these 
regulations, but this iniquitous clause, to which the 
attention of Parliament should be directed, would 
seem to indicate that the gentlemen in question 
were in the main technical school teachers, who 
undoubtedly, to use the Board’s own term, are 
“interested ”’ parties. 

In one respect the new regulations will be 
an improvement on the old. Under the regula- 
tions now superseded, 30 exhibitions were awarded 
yearly of the value of 50/., and tenable for one 
year only. Under present conditions the amount 
of the prize is too small and the period of 
tenure too short for it to be of any very material 
service to the successful candidate in completing 
his education. These exhibitions are, therefore, 
to be abolished, and replaced by scholarships of 
higher value but reduced in number. These 
scholarships will be divided into two classes. There 
will be six of 125/. per annum tenable for three 
years and open to candidates of less than 21 years 
of age, and in addition there will be two of 2501. 
per annum tenable for two years and intended to 
enable graduates for technical institutions to take 





a post graduate course. The limit of age in this 
case will be 25 years. In addition, 25 Whitworth 
prizes of 101. each will be awarded annually to 
unsuccessful candidates for the lower grade scholar- 
ships. 

In explanation of the new scheme the Board 
state that the experience of recent years has been 
that candidates for Whitworth scholarships may he 
divided into two groups, a larger group consisting of 
candidates whose education after leaving school has 
been confined to part-time courses of study, and 
for whom a full-time course at a University or 
Technical Institution is likely to be, suitable, and a 
smaller group who have already completed a full- 
time course of study at a University or elsewhere. 
It is in connection with the former group that the 
proposed regulations seem both unintelligent and 
unfair. They require quite properly that the 
candidate must have been engaged in handicraft 
in a mechanical engineering workshop for at least 
thirty months, before being qualified to compete, 
and drawing office time will not be allowed to rank 
as part of this, but it is further insisted that the 
candidate must have had experience in making the 
petty laboratory experiments open to elementary 
students. The insistence on this is the more 
remarkable in that in an official report on the position 
of science in education published in 1918, the large 
amount of time spent in elementary laboratory 
work is deplored, and it is pointed out that such 
experiments are as little educative as the gerund 
grinding of the classical schools. 

The lad engaged in the workshop needs such 
elementary laboratory work far less than the 
secondary school boy with whom the above report 
was mainly concerned. By merely handling his 
tools and materials the apprentice absorbs much 
knowledge as to physical and mechanical principles, 
and to insist, as the new regulations do, that such 
a lad shall not be eligible for a Whitworth scholar- 
ship unless in addition to workshop experience he 
can show laboratory notebooks certified by his 
teacher, appears not merely iniquitous but frankly 
stupid, the more so, in that the Board of Education 
declare that their intention is that the successful 
candidate shall attend full-time college courses 
afterwards. Here he will get all the laboratory 
experience necessary. Under the regulation as it 
stands no youth in a small town, even had he the 
insight of an Oliver Heaviside combined with first- 
class workshop experience, will be eligible for a 
scholarship. 

It seems impossible that the originators of this 
rule would be able to defend it under cross- 
examination, and it is to be hoped that the House 
of Commons will insist on the withdrawal of this 
unjust and unreasonable regulation. In one other 
matter also, the regulations for the six “ Junior” 
scholarships seem at fault. The number of subjects 
which the candidate is required to take is reduced ; 
whereas it ought to have been extended, as early 
specialisation is in every way objectionable. The 
test for these junior scholarships should in fact 
be one of intelligence rather than of erudition, and 
in the case of youths this intelligence is best tested 
by easy papers covering an extensive range of 
subjects rather than by difficult papers on a limited 
number; a procedure which in actual fact is in 
the main merely a gauge of his teacher’s abilities 


as a “‘ crammer.” 





WORKMEN’S COMPENSATION INSUR- 
ANCE IN THE UNITED STATES. 

Tue United States Bureau of Labour Statistics 
has issued an interesting bulletin, No. 301, con- 
taining a comparison of the different systems of 
workmen’s compensation insurance, and its admin- 
istration, in 20 States and two Canadian Provinces. 
It gives the results of an investigation made by 
the Bureau in 1919 and 1920. The points on 
which information was particularly sought were 
the relative costs, security and service of the 
various types of “insurance carriers ’’—cost 
including both the cost of insurance and the cost 
of administration. As regards service, three tests 
were taken into consideration, viz.: (1) prompt- 
ness of compensation payments ; (2) adequacy or 
liberality of payments, including liberality of 
interpretation of the laws, and (3) accident-preven- 
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tion work. In addition, a study was made of the 
administrative procedure of State industrial com- 
missions and funds. The bulletin, or report, shows 
that the systems of workmen’s compensation 
insurance and their administration vary greatly in 
the different States, and, incidentally, differ widely 
in many cases from the system in the United 
Kingdom. The Bureau pursued their studies in 
States in which no private insurance or self-insur- 
ance is permitted, as well as in States which permit 
private insurance in competition with State insur- 
ance. In 1919, the stock companies in general 
received 91,000,000 dols. in premiums, the mutual 
companies 27,000,000 dols., and the State funds 
33,000,000 dols. The stock companies therefore 
received 60 per cent. of the total workmen’s com- 
pensation premiums in the United States, the 
mutual companies 18 per cent., and the State funds, 
taken as a whole, competitive and exclusive, 22 per 
cent. On the basis of the stock company rates, the 
premium income of the State funds would be 
greater than the amount stated, because their 
premium rates are usually lower than those of 
stock companies. The amount of business done 
by the competitive State funds varied in different 
States—from 4 per cent. in Michigan to about 
49 per cent. in Montana. The Bureau found it 
practically impossible to compare State funds as 
a whole with stock companies or mutual companies 
or self insurance as a whole, because of the great 
variations within each type of insurance. Some 
of the State funds are more efficiently managed 
and give better service than other types of insur- 
ance. On the other hand, some of the State funds 
are badly managed and give poorer service. Similar 
variations exist in the private companies, and the 
same may be said of the mutual companies and the 
self-insurers. However, taking each type as a 
whole, or the best example as representative of the 
type, the records show that the State funds (1) do 
business 25 to 30 per cent. cheaper than the stock 
companies, (2) are financially sound and have 
better reserves and surplus, (3) pay compensation 
as promptly as the insurance companies or self- 
insurers, (4) are more liberal in settling claims, and 
appeal fewer cases to the commissions or courts, 
but (5) perform little safety and inspection work 
in comparison with the private companies. 

Another fact worthy of note is that in some of 
the exclusive fund States, the State assumes res- 
ponsibility for compensation payments in cases of 
accident. If an accident occurs within an industry 
covered by the State, the State pays. It obtains 
its premium later or in advance, and the workman 
does not suffer because the employer has not paid 
the premium. 

Efficiency of administration of State funds is, 
however, greatly handicapped by the system of 
partisan political appointments, as the personnel 
is constantly changing with the change of political 
administration. Further, the funds are handi- 
capped by inadequate appropriations and salaries, 
and most of the State commissions serve as recruit- 
ing ground for private insurance companies. 

As regards the cost to the workman, i.e., the 
wage loss resulting from the accident, most of the 
laws provide that the compensation shall equal a 
certain percentage of the employee’s wage. This 
percentage ranges from 50 per cent. to 66-6 per 
cent., but because of the operation of the weekly 
maximum and other limitations the injured work- 
man, instead of receiving 50 per cent. or 66-6 per 
cent., receives actually only 20 per cent. to 35 per 
cent. In one State, Oregon, the workman requires 
to pay a proportion of the compensation, i.e., he pays 
1 cent for each working day, which amounts 
to about 9 per cent. or 10 per cent. of the total 
compensation costs. The expense ratios of the 
stock companies varies from 30 per cent. to 40 per 
cent., the average being about 38 per cent., i.e., for 
every dollar of premiums collected by stock insur- 
ance companies, 38 cents goes for expenses and 
profits. The expense ratio of the mutual com- 
panies is from 15 per cent. to 20 per cent., that of 
the competitive funds about 10-6 per cent., and 
that of the exclusive State funds about 7 per 
cent. or 8 percent. In other words, it costs the 
insured employers of the United States an extra 
30,000,000 dols. to insure in stock and mutual 
companies. It will be remembered that in 1920, 
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the Holman-Gregory Committee recommended that 
the expense ratio of the insurance companies in 
this country, in workmen’s compensation business, 
should not exceed 30 per cent., but did not 
recommend a State system of accident insurance. 

It is clear from the report that workmen’s com- 
pensation is administered in the United States in 
a@ manner very different from that in the United 
Kingdom. In this country, the State interferes 
little, if at all, in the administration of the work- 
men’s compensation laws, except in so far as it 
provides arbitrators in the person of county court 
judges and courts of justice to which the parties 
may appeal. We have no State insurance, and 
the settlement or enforcement of claims for work- 
men’s compensation is left to the employer and 
the worker, although in practice a great deal of 
the work is done by officials of insurance companies 
and, in disputed cases, by lawyers. In the United 
States the compensation laws are administered 
by industrial accident commissioners or boards 
composed usually of three or five members and a 
staff of employees. In most of the States the 
functions of the commission are limited to the 
administration of the Compensation Act, but in 
some States the commission is also charged with 
accident-prevention work, and in a few States it 
enforces all the labour laws, including those relat- 
ing to safety, women and child labour, factory 
inspection, conciliation, &c. In most of the States 
having State insurance funds the commission is 
also charged with the administration of the funds. 
Apparently, therefore, in some cases the commis- 
sion does work which would be done in this country 
by the Factory Department of the Home Office 
or by the Ministry of Labour. In some of the 
States, particularly in Massachusetts and Pennsyl- 
vania, the commissioners devote practically all 
their time to the hearing of cases, and in practice 
exercise quasi-judicial, rather than administrative, 
functions. In other States formal hearings are the 
exception rather than the rule. 

The report shows that many different methods of 
accident reporting and claim procedure are in use, 
and many different methods of computing the 
injured workman’s average wages. Some of these 
methods are established in the laws, some are laid 
down in the rules of the administrative commis- 
sioners, and others are the outgrowth of custom 
and practice in actual cases. Application of these 
methods to actual cases has not always been con- 
sistent. Even where the provisions of the laws 
in different States are identical, their application to 
specific cases is often very different in effect. On 
this subject the report concludes: “‘ This suggests 
the desirability of a standardisation of methods 
along as simple lines as possible covering each 
particular class of cases. Many States have already 
attempted this, some with a good degree of success, 
but the wide variety of methods disclosed suggests 
the need of simplification and uniformity in order 
to secure the injured workers and their dependants 
a prompt and full settlement of their claims.” 

There is in the bulletin under notice much in- 
formation which could be usefully studied by 
those who are interested in the proposals which, 
we believe, are at present under consideration for 
the amendment of the workmen’s compensation 
laws in this country. 








THE LATE COLONEL R. SAXTON 
WHITE. 


An outstanding figure in shipbuilding circles 
on the North-East Coast has passed away in the 
person of Col. Richard Saxton White, V.D., J.P., 
who, we regret to announce, died at his residence 
“* Culverdene,” Bournemouth West, on Sunday, the 
13th inst. Col. White, who was the youngest son 
of the late Captain Richard White, of the Royal 
Navy and of the P. and 0. Company, was born at 
Southampton on June 15, 1847, so that he was in 
his seventy-sixth year at the time of his death. 

He was educated privately and also at Southamp- 
ton College, afterwards serving a six years’ appre- 
ticeship with Messrs. Day, Summers and Co., 
Southampton. Here he passed through all depart- 
ments of iron shipbuilding, including a period of 
12 months in the drawing office. He then entered 
the service of Messrs. W. Denny and Brothers, at 
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Dumbarton, where he remained for nearly five 
years, the greater part of this time being spent in 
the drawing office, of which he took charge during 
the later part of his engagement with this firm. 
After short periods of service with Messrs. Robert 
Napier and Sons, Glasgow, and Messrs. Alex. 
Stephen and Son, Glasgow, where he had charge of 
the drawing office and acted partially as outside 
manager, he was appointed shipbuilding manager 
to the Barrow Shipbuilding Company in 1875. 
Here he was responsible for the design and con- 
struction of many important vessels, including the 
City of Rome for the Inman Line. 

His next appointment, received in 1883, was that 
of manager of the Walker Yard of Messrs. Sir W. 
G. Armstrong, Mitchell and Co., Newcastie-on- 
Tyne, and here he was associated with the late 
Col. Henry F. Swan, C.B., in the development of the 
construction of vessels for the transport of petroleum 
in bulk, as well as in the design and construction 
of a number of passenger steamers, ice-breakers, 
and general cargo carriers. In 1890 he became 
associated with the Fairfield Shipbuilding and 
Engineering Company, Limited, Govan, holding the 
appointment of shipyard manager and director 
under the iate Sir William Pearce, Bart. While 
with the Fairfield Company, Col. Saxton White 
was responsible for the design and construction of 
a number of fast cross-Channel boats and ocean- 
going steamers, of which the Cunard liners Cam- 
pania and Lucania were the most important. 
A very full account of these epoch-making vessels 
will be found in Enernerrtne, Vol. LV, on page 
463. 

In 1896, the subject of our memoir 
the Walker Yard of Messrs. Sir W. G. 
Whitworth and Co., Limited, in the capacity of 
general manager and local director, and many 
important vessels, including some of unique design, 
emanated from the yard under his régime. On the 
amalgamation of the Armstrong and Walker ship- 
yards in 1919, Col. White was appointed consulting 
general manager, which position he held until his 
retirement in December, 1920. 

The deceased gentleman was elected a member 
of the Institution of Civil Engineers in 1905, and 
had been a member of the Institution of Naval 
Architects since 1877. He took a prominent part 
in the work of the latter institution, of which he was 
elected a member of council in 1912 and became 
vice-president in 1914. He was also a member of 
the Institution of Engineers and Shipbuilders in 
Scotland and a past-president and fellow of the 
North-East Coast Institution of Engineers and 
Shipbuilders. 

Col. White was also a member of the Worship- 
ful Company of Shipwrights, a Freeman of the 
City of London, and was appointed on the Com- 
mission of the Peace for the County of Northum- 
berland. His public work, we may mention, 
included a period of service on the Commission 
appointed by the Home Office in connection with 
the Census of Production. He showed great 
interest in all matters affecting the relationship 
between capital and labour, and for several years 
was a member of the Centrai Board of the Ship- 
building Employers’ Federation, of which body he 
acted as vice-president from 1908 to 1911. In 
labour matters he held the view that differences 
between the parties could best be reconciled by the 
existence of trade unions with strong executives 
and equally strong federations of employers, so 
that the principles of collective bargaining could 
be utilised to the advantage of both sides, 

No account, however brief, of Col. White’s career 
would be complete without some reference to the 
active interest he took in the Volunteer and Terri- 
torial Forces. After passing through all ranks over 
a period of many years, he took command, in 1902, 
of the Second Volunteer Battalion of the Northum- 
berland Fusiliers, and, in 1907, when the Territorial 
Force was formed, he was transferred to that Force 
with the whole of his battalion, which became the 
Fifth Battalion of the Northumberland Fusiliers. 
Col. White held the Volunteer Decoration, and, on 
his retirement, received the thanks of the Army 
Council for his work in connection with the Volunteer 
and Territorial Forces. He leaves a widow, a son 
and two daughters, to whom the sympathy of a 
large circle of friends will be freely extended. 


returned to 
Armstrong, 
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THE LATE DR. GISBERT JOHN 
EDWARD KAPP. 


AutuoveH Dr. Kapp’s name is not definitely 
associated with any of the great discoveries and 
inventions which have marked the progress of 
electrical engineering and have allowed a great step 
forward to be taken from time to time, it none the 
less has been prominently and honourably con- 
nected with almost the whole history of what is 
generally known as heavy electrical engineering. 
Dr. Kapp was trained as a mechanical engineer, 
but became connected with electric work at about 
the age of 29 when he was appointed manager to 
Crompton’s Chelmsford works and was associated 
with Colonel Crompton in the design of a compound 
dynamo. This was about the year 1882, and from 
that time until his death, which took place at 
Birmingham on the 10th inst., Dr. Kapp was 
connected as a designer, consulting engineer and 
teacher with almost every aspect of the progress 
which electrical generating and converting machinery 
has made in the last forty years. One of his latest 
contributions to practical work was his phase 
advancer, which is manufactured by the General 
Electric Company. 

Gisbert John Edward Kapp was born at Mauer, 
near Vienna, on September 2, 1852. His parentage 
was German-Scottish. His technical education was 
received at the Zurich Polytechnic, which has turned 
out so many first-class men. He went to Zurich in 
his 17th year, and after gaining a mechanical 
engineering diploma in 1872, obtained an appoint- 
ment with the Machinenfabrik Augsburg in Germany. 
He remained there little more than a year, and during 
the year following was an engineer in the Imperial 
Austrian Navy, where his work was mainly assisting 
at and reporting on trial trips. In 1875 he came to 
this country and obtained an appointment as a 
draughtsman with Messrs. Gwynnes, of Hammer- 
smith, where he was concerned with the design 
of large steam-driven centrifuga! pumps for draining 
reclaimed lands, known as polders, in Holland. He 
was engaged in that country to a considerable extent 
for his firm until 1879, when he joined Messrs. 
Hornsby, of Grantham. His work in connection 
with this firm also took him on to the Continent, as 
his post was definitely concerned with the intro- 
duction of the firm’s products in Russia, Italy 
and North Africa. 

Dr. Kapp’s definitely electrical career may be 
said to have begun in 1882, when he joined Messrs. 
Crompton, and was appointed manager of the 
Chelmsford works. As already stated, he was first 
engaged with Colonel Crompton on the working out 
of a method of compounding dynamos, and a racy 
and amusing account of some part of that work was 
given by Colonel Crompton in the reminiscences 
which he contributed to the Commemoration meet- 
ings of the Institution of Electrical Engineers held 
last February. During his connection with Cromp- 
ton’s, Kapp’s inventive ability displayed itself very 
fully and either alone, or in conjunction with the 
head of the firm, he designed various electrical 
measuring instruments, an electricity meter, and 
many features adapted to improve the working and 
efficiency of the dynamo. In 1884, Dr. Kapp broke 
his connection with Che'msford and started a 
consulting practice in Westminster. At this time 
his ability, coupled with the practical electrical 
experience he had obtained, gave him an important 
position in the electrical engineering world and he 
acted as consultant for the Westminster Electric 
Supply Corporation, Messrs. W. H. Allen and Co., 
and Messrs. Johnson and Phillips. These latter 
firms, in addition to Messrs. Laurence Scott, of 
Norwich, and Messrs. Newton, «f Taunton, at that 
time manufactured dynamos to Dr. Kapp’s designs. 

Dr. Kapp wrote many technica: articles and books 
in the course of his life, and the period following 
his setting up in Westminster was very active in 
this respect. He contributed to The Electrician 
and The Engineer, and in 1886 became London 
editor of Industries, an engineering weekly which 
ran for a number of years during this period. In 
1885 he was elected an associate member of the 
Institution of Civil Engineers, andin the same year 
read a paper before the Institution on “ Modern 
Dynamos and their Engines.” In 1899 he read a 
further paper before the Institution of Civil 





Enyineers entitled ‘‘ Alternate-Current Machinery.” 
For these papers he was awarded a Telford medal 
and premium. He was elected a full member of the 
Institution in 1891. Dr. Kapp also read various 
papers before the Institution of Electrica] Engineers, 
to which he was elected an associate member in 
1883 and a full member in 1887. He was later 
chairman of the Birmingham Local Section, and 
was president of the Institution in 1909. His 
presidential address was a long one and was dis- 
tinguished for the completeness with which it entered 
into technical detail. In 1886 Dr. Kapp published 
a book on the “ Electric Transmission of Energy,” 
which went through a number of editions and was 
later followed by other works on ‘“‘ Transformers,” 
“Dynamo Construction,” ‘The Principles of 
Electrical Engineering and their Application,” 
and other subjects. Dr. Kapp’s books were of a 
practical nature and dealt with theoretical principles 
in a way that assisted their application in the 
workshop. His works were of great assistance 
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to many engineers, particularly in the earlier years 
when a knowledge of the principles of electrical 
design was less widespread than it is to-day. 

The literary activities which followed the year 
1884 did not interfere with Dr. Kapp’s consulting 
business, which was continued until 1894, when he 
accepted the secretaryship of the Verband Deutscher 
Elektrotechniker, and'with it the editorship of the 
Society’s journal, the EHlektrotechnische Zeitschrift. 
This post naturally involved his residence in Berlin, 
and in the years that followed he held a lectureship 
in electrical engineering at the Technical High 
School, Charlottenberg. He was also still able 
to continue with his consulting work, and he carried 
out many schemes in Germany, Norway, Sweden and 
Italy, as well as in this country. His literary work 
was also continued. Apart from his educational 
work and his contributions to the development of 
dynamo design, he did good work, as far as this 
country was concerned, in connection with the 
introduction of three-phase working. He himself 
told at the Commemoration Meeting of the Institu- 
tion of Electrical Engineers how in 1891 he had been 
instructed to prepare plans for an overseas three- 
phase installation, and how difficult he found it to 
induce English manufacturers to consider the matter 
at all. He finally adopted a two-phase plant 
produced from single-phase machines mechanically 
coupled and obtained a very satisfactory job from 
an English firm. 

In 1894 Dr. Kapp returned to the country of his 
adoption, when he was appointed to the Chair of 
Electrical Engineering in the then newly-formed 
University of Birmingham. By that time he had 
attained a European reputation and the appoint- 
ment was very generally welcomed in this country. 





He retained the post until 1919, and did good work 
in the professional sphere, his long connection with 
practical work and his consulting connections which 
he still retained enabling him to bring a sound 
engineering outlook into the class-room. He retired 
in 1919, owing to advancing years, but still main- 
tained an active interest in electrical matters and 
carried on some consulting work from his home at 
Selly Oak, Birmingham. Dr. Kapp appeared to age 
somewhat rapidly of recent years, and this was very 
noticeable when he spoke on railway electrification 
at the joint meeting of the engineering institutions at 
Birmingham last January. He, however, continued 
at work to the end, and had been ill only some ten 
days when he died on the 10th inst. 
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Metrology Department. (Superintendent, Mr. 
J. E. Sears, jun., M.A., A.M.Inst.C.E., Messrs. 
S. W. Attwell, Principal Assistant, F. H. Rolt, 
E. G. Constable, F. A. Gould, V. Stott, G. A. 
Tomlinson, A. J. C. Brookes, W. H. Johnson, 
W. G. Ridge, J. S. Clark, H. P. Bloxam).—Mr. 
Sears has been appointed Deputy-Warden of the 
Standards at Westminster, and Mr. Attwell acts 
as Superintendent in his absence. Apart from the 
periodical verification of the apparatus and stan- 
dards of the Woolwich Inspection Department, 
the Laboratory is no longer engaged in gauge- 
testing for any “ fighting’ department, and the 
staff has been considerably reduced, although the 
routine test work has much increased, when we 
compare the pre-war year 1913-14 (4,798 articles) 
and 1920-21 (16,807 articles). These figures 
indicate a very satisfactory appreciation of the 
value of standardisation work. The standard 
gauges made in the Laboratory Workshop by the 
aid of apparatus, to which we shall refer, exceed in 
accuracy any previously obtainable elsewhere. 

Line Standards. 50-metre Base.—A great deal of 
laborious work has had to be done on the line 
standards, the fundamental metre and yard. The 
silica metre is considered the most stable bar ; 
unfortunately the silica metre made for the India 
Office broke beyond repair during the process of 
regraduation. The standardisation of the 43 per 
cent. nickel steel tapes is somewhat less accurate 
than that of the invar tapes, the expansion 
coefficient of the former being ten times greater 
than that of the latter. On the other hand the 
secular change of invar is greater than that of 
nickel steel, and the use of steel itself, by preference 
to invar, is desirable also because steel is less 
liable to mechanical damage, in spite of an expan- 
sion coefficient 15 times greater than that of invar. 
If the temperature could be accurately determined 
€.g., in situ, by means of electric resistance measure- 
ments, then steel tapes might be used in the field. 
That is a novel line of research now taken up in 
the Laboratory. The length of the 50-metre 
base continues to increase at a fairly constant rate. 
The observations were interrupted by the war, 
but the two branches of the expansion curve fit 
well together, and the length has in the 13 years, 
1906 to 1921, increased by 0-011 ft. (about 3 in.) in 
100 ft. We mentioned last year that two invar 
wires were stretched along the edge of the wall and 
that micrometer readings are taken on the sag of 
the wires. Such a measurement practically takes 
only a few seconds, and the method has proved very 
convenient and more accurate even than the 
actual length determinations. 

End Measures Gauges. Thermometers for Gauges. 
—The above-mentioned difficulty of exact tem- 
perature determination makes itself felt also’ in 
the standardisation of end gauges. For taking 
such measurements the Heat Department con- 
structed a nickel-coil resistance thermometer, 
36 in. long, crescent-shaped in section, which can 
be mounted on the end gauge to be compared; 
mercury thermometer was also placed alongside 
the gauge, and the whole apparatus was swathed 
in cotton wool. When the room temperature was 
varied, the mercury thermometer went down, with 
falling temperature, at a faster rate than the coil 
thermometer, and with rising temperature the 
coil also lagged behind ; when, for example, the 
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room temperature rose by 2 deg. C. in “0 min., the 
mercury indicated 0-3 deg. higher than the coil. 
That showed that the mercury thermometer tended 
to follow fluctuations of the air temperature, 
whilst the coil recorded the actual temperature of 
the bar, with which it was in contact and which 
naturally was slower in acquiring the atmospheric 
temperature. Further experiments are now being 
made with coils of very fine platinum wire provided 
with tubular covers. 

In using the 80 in. end measuring comparator, 
in which the length of a gauge placed between the 
contact faces is compared with that of a scale rest- 
ing on a carriage, the carriage has to slide along 
the bed; that change of position alters the load 
distribution on the bed and might affect the dis- 
tance between the micrometer headstock and the 
microscopes which are attached to the bed. In 
order to ascertain the magnitude of the relative 
movement, one end of a horizontal length of 
invar tape was attached to the headstock and was 
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pulled taut by a spring at the other end; the 
carriage was moved to different positions, and 
readings of the microscope were made on a line 
scribed on the tape. The carriage path had a 
length of 80 in.; and the actual differences 
observed would correspond to errors of 1 part in 
1,000,000. As this source of error could not be 
eliminated without very considerable structural 
alterations in the machine a correction curve 
has been drawn. 

Elastic Compression of Steel Spheres and 
Cylinders.—In effecting measurements of steel balls 
and plug gauges these bodies are gripped between 
flat parallel plates and will thus be slightly flattened 
out. According to Heinrich Hertz this compression 
or mutual approach of the flat faces after just 
having made contact with the sphere on each 
side is, when the sphere is made of hardened 
steel, equal to 0-000032 p* (1/d)' in., where 
p is the pressure in lb. per sq. in., and d the 
diameter of the ball in inches. The factor of p 
changes with the modulus and the compressibility 
of the material of which the ball is made. 

In order to test this formula, measurements 
were made on steel balls, varying from } in. up 
to 3 in. in diam., with the aid of the millionth 
of an inch comparator which we illustrated and 
described on page 19 of our issue of July 2, 1920. 
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'This machine was selected because the pressure 


under which the measurements are made can easily 
be changed; in commercial measuring machines 
balls from } in. up to 1 in. in diam. are usually 
compressed by a weight of 5 lb., and the compres- 
sion will then approximately amount to 0-0002 in. 
and 0-0001 in. respectively. In the tests spoken 
of the weight was raised in steps up to 3 lb. Tests 
were also made with a 4 in. phosphor bronze 
ball and with a double-convex glass lens, and 
further with steel cylinders of 0-05 in. and 1 in. 
diam., and on other specimens. There is no simple 
formula available for cylinders, and calculations 
from first principles have to be performed in each 
case. The measurements proved that the Hertz 
theory is sound for all the cases and materials 
examined. 

Change in the Accepted Dimensions of End Standards 
in Inch Units.—As a result of the redeterminations 
of the absolute sizes of the Laboratory standard 
end gauges (work which was delayed by the war) 
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a change has been made in the accepted values at 
the rate of minus twelve parts in a million. 

Standardisation of Length Gauges. Flatness of 
End Faces.—Very laborious work has been done on 
certain end gauges, up to 36-in. in length, with flat 
parallel faces which can be wrung together to 
form composite gauges. The Report gives parti- 
culars of the various methods applied. This work 
—to which we shall revert when dealing with the 
Workshop department—also involved particular 
tests on the end faces for flatness, parallelism and 
squareness to axis, for which purpose Mr. Rolf 
devised some special optical devices, which we 
mentioned last year (ENGINEERING, July 22, 1921, 
page 159). 

Flatness and Straightness of Measuring Machine 
Beds, Edges and Plates.—The examination of 
measuring machines, made on the 5 ft. bed of the 
Pratt and Whitney machine, comprised tests (a) 
of straightness in plan and elevation by an auto- 
collimating method, (b) of straightness in elevation 
and also of twist by a sensitive spirit level, (c) of 
straightness in plan with reference to a stretched 
wire, (d) of straightness and twist by reference to 
the free surface of water contained in two com- 
municating troughs, placed one on each side of 
the bed. In case (c) fine copper wires of various 
diameters are stretched parallel to the bed of the 
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machine in the plane of the upper surface of the 
bed, and the wires are examined by means of a 
vertical micrometer microscope rigidly attached 
to the sliding headstock, the micrometer readings 
being plotted against the position of the headstock ; 
the maximum deviation of any of the five determina- 
tions made from their mean curve was 0-0002 in. 
In case (d) the water troughs were made of angle 
iron; a flat steel plate rested across the bed and 
carried two vertical micrometers, the spindles of 
which ended below in fine graphite rods ; when the 
graphite point touched the water surface an electric 
signal was given and a reading taken. For 
testing the flatness of tables and large surfaces 
another method, due to Mr. Sears and mentioned 
last year, has been found convenient. In this 
modification two mercury troughs or cups are used, 
connected by a rubber tube ; across each cup rests 
a micrometer similarly fitted with a graphite contact 
as just described. The one cup is placed in the 
centre, the other is moved to various positions on 
the table; air bubbles in the connecting tube and 
ripples on the mercury cause some trouble, but 
the method has proved to be very useful. 

Screw Thread Measurement. Internal Effective 
Diameter.—Two new machines for the measurement 
of effective internal diameters have been’ designed 
and constructed in the Laboratory. The first of 
these, due to Mr. Tomlinson, and described by 
him in our issue of October 21, 1921, on pages 558 
to 560, is used in the Engineering Department, 
especially for measurements on screws which, 
supposed to be straight, are in reality tapering. 
The second machine, illustrated by the annexed 
reproduction of a photograph (Fig. 4) and the 
diagrams, Figs. 5 to 7, can, with the aid of a 
special micrometer attachment, also be used for 
taper screws. The effective diameter of the gauge 
to be measured is found by comparison with that 
of a standard V-groove of known diameter, cut ina 
cylindrical plug; Fig. 5, a plan view, explains the 
principle. The essential features of the machine, 
which is due to Mr. Sears, the details having been 
worked out by Mr. Eden, late of the Laboratory, 
and Mr. A. Turner, are a carriage holding the ring 
gauge to be measured, which can travel in the 
direction X—Y, and a sensitive indicator having a 
style provided with double spherical ends, which 
bear on the flanks of the thread; the carriage of 
the indicator is capable of moving on a ball race 
in the direction AB (Fig. 5), being drawn into 
position by the pressure of the style on the thread. 
The position of the carriage is first measured with 
the style brought into contact, in turn, with each 
side of the standard groove (positions I and II, 
Fig. 5), and then in the thread at each side of the 
ring gauge (positions III and IV). The effective 
diameter E, of the gauge under test is then found 
in terms of the effective diameter of the standard 
groove E, (corresponding to the pitch of the ring 
screw) by the following simple calculation. Let 
x denote the movement of the carriage between 
positions I and IV, and y that movement between 
positions IIT and III. Then x + y = E, + Ey and 
hence E, = 2+y—E;, This measurement will 
be independent of the length of the style and of any 
flexibility in its arm, as well as of the exact sphericity 
of the ends, 

The gauge carriage GC (Figs. 6 and 7) is free 
to move on a ball race between the micrometer 
anvils MA of two opposing micrometer discs 
MD, which are clamped to the bed in suitable 
positions. The indicator carriage IC, in addition 
to its horizontal movement already mentioned 
(indicated by the arrows in Fig. 7) on a ball 
race, has also a vertical movement operated 
by the handwheel W, which allows of finding the 
maximum indication and ensures that the measure- 
ment is made along a diameter. The indicator I 
itself consists of a compound lever, the two arms 
of which are joined by a pair of crossed steel strips. 
Starting in Fig. 6 from the end of the indi- 
cator lever I, the style 8, and the fulcrum of 
the crossed steel springs SS will be seen ; at its 
other end the lever branches into a small fork F, 
partly embracing the bent vertical lever of the 
cross-hair device H. In Fig. 7 the same parts 
will be found starting with 8 on the right hand; 
the bent lever of H is attached to a horizontal 
pivot rod R. Throw-over weights controlling the 
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movements of the two carriages are not shown in 
the diagrams ; the throw-over weight of the gauge 
carriage operates in such a way that the carriage 
bears on the right-hand micrometer when the 
style is in positions I and IV, and on the left- 
hand micrometer for positions II and III; the 
other weight similarly controls the style movement 
in{the standard thread. In the operation of 
the machine the ring gauge is advanced by the 
micrometer and the style is placed in the required 
thread; the gauge is then further advanced 
until the cross-hair is brought into’ the field of 
view of the optical system, consisting of colli- 
mater C, lens L, prism P, eyepiece E, mirror M 
and scale Sc. The indicator is now raised or 
lowered to determine the position which gives 
the maximum deflection ; afterwards the ring 
is again moved to bring the indicator cross-hair 
to the fiducial mark. It is very satisfactory 
to note that the two machines for internal 
effective diameter measurements, the Tomlinson 
and the Sears machines, agree very closely in 
their indications. 

Measurement of Small Screws. Steel Wires 
of 0-004-in. Diameter.—The projection apparatus 
and the usual micrometer machines not having 
proved reliable for the measurement of very 
small screws, owing to the uncertainty as to the 
amount of the compression of the small cylinders 
or V-pieces, a machine has been made in the 
workshop, in which the anvil of the micrometer 
is flexibly mounted on two pairs of parallel steel 
strips, and the motion of the anvil is transmitted 
to a magnifying device. The latter indicates 
when the anvil has been moved to a definite posi- 
tion, and the pressure necessary to bring it to 
this position can be adjusted as required; by 
these means a constant, light pressure can be 
used for these measurements. For the effective 
diameter measurements steel wires of 0-004-in. 
diameter were required. The smallest size 
producible by ordinary lapping was 0-01 in. ; 
but a considerable number of finer wires can be 
lapped at the same time between two flat plates 
by a special method of lapping. 

3-in. by 12-in. Pitch-Measuring Machine.— 
A new machine, capable of measuring the pitch 
of external screws on centres up to 3-in. diameter 
and 12-in. length, has been designed and made in 
the workshop; we reserve our description of this 
machine. 

Physical Instruments. Barometers. — Mountain 
barometers of the Fortin type—tubes of small bore 
suspended from gimbals on a tripod—have recently 
been made of too small a bore, the Laboratory finds, 
so that accuracy is sacrificed. A bore of 0-2 in. 
(0-5 cm.) should be the minimum (1 cm. is an average 
figure) ; such a barometer would weigh 3 lb. without 
the tripod. There has been an investigation of the 
capillary depression of the mercury column and of 
the height of the menicus for large ranges of bore, 
and new tables have been drawn up. The Kew 
barometer, with its comparatively wide cistern, is 
more liable to contamination of the mercury surface 
and consequently to deterioration of the convexity 
of the meniscus and zero changes than the Fortin 
barometer. 

Weights and Balances (Mr. Gould).—All the bal- 
ances are now read (though not operated) at a 
distance of 5-5 m. (18 ft.), and the deflection of the 
beam is optically magnified. The number of 
weights submitted for tests has considerably in- 
creased. Most of these weights are of the ordinary 
materials, brass and platinum, but the Laboratory 
is inquiring into the suitability of other materials as 
mass standards. The chief factcrs to be studied are 
constancy of mass and resistance to wear and 
tarnishing. The sets of weights under examination 
are finished in the Laboratory. Quartz is in many 
respects an excellent material; but its density is 
low and heavy quartz weights are inconveniently 
bulky and too much affected by buoyancy. Among 
other materials tried is stellite, an alloy of cobalt, 
chromium and tungsten (about 55 : 35: 10), looking 
like a dark nickel; it is very hard and can only 
be ground. Tobin bronze (an American alloy) is 
also under test. 

Watches and Chronometers.—The number of high- 
class watches tested has decreased, that of marine 











chronometers increased (97 against 54 and 29 in 
the two previous years). The results are, on the 
whole, very good, although the exceptionally high 
level of last year has not been maintained as to 
watches, and it is “to be regretted that so few of 
the names are those of English manufacturers.” 
Of 148 class A watches (including subsidiary A), 
36 failed. We notice that among the 50 best 
watches, English watches come in the 14th and 
in five further places ; some of these English watches 
were provided with compensation balances of brass 
and steel, whilst most of the other balances were 
Guillaume metal. 

Glass Volumetric apparatus, Hydrometers.—The 
number of glass vessels tested continues to increase, 
the figures for 1917, 1920, 1921 being: 165, 2,556, 
7,735 ; the bulk of the hydrometer work (1,671 
hydrometers tested, 1921) is for India. A good 
many of the vessels, purchased anonymously (in 
some cases German origin was specified) for the 
purpose of estimating the average accuracy of 
volumetric glass ware, failed to pass ; those British 
firms which regularly submit their apparatus to 
the Laboratory for test came out best in the 
estimates. 

Hydrostatic Balance.—Mr. V. Stott’s hydrostatic 
balance for the verification of hydrometers and for 
the determination of the density of liquids at 
different temperatures, and hence of expansion 
coefficients, is a combination of an Oertling chemical 
balance, modified for the purpose, and a constant- 
temperature tank made in the Laboratory, and 
involves several novel features. The tank moves 
on rails and is brought under the balance when 
everything is ready. Two sinkers (instead of the 
usual one sinker) are suspended from the two balance 
scales, so as to float in the tank liquid; the two 
sinkers are of equal mass, but they differ in volume 
by 100 cub. cm. ; the weighing operation hence gives 
directly the weight of 100 cub. cm. of the liquid 
filling the tank. The hydrometer tube is suspended 
between the two sinkers, and its vertical spindle 
bears above against a lever which, when released, 
allows the hydrometer to oscillate up and down 
before coming to rest. To keep the liquid in the 
tank in vigorous circulation, two wide glass tubes 
are so inserted in the tank that a small pump sucks 
the surface liquid down one tube, and discharges 
it into the body of the liquid through the other tube. 
In the water-jacket surrounding the tank proper 
a brisk circulation is likewise maintained by dis- 
charging the water drawn in on the one side through 
a port into an upper conduit. Inside the tank the 
parts are all made of glass so as not to be affected 
by the liquids. As regards the balance, which is 
a very fine specimen, heavy balls have been added 
to the beam ends to damp the oscillations, and a 
special arresting mechanism is operated while the 
weights are being put on the scales. Readings are 
taken on the hydrometer in the tank by means 
of a telescope. 

In drying bottles and flasks inside, Mr. Stott 
makes use of a very simple device. Inside a long- 
drawn out inverted vertical funnel he places a 
heater coil, so that the air blown through the coil 
is heated ; the flask is put upside down over the 
funnel, the neck edge resting on a disc of cardboard 
pushed over the funnel. 


(To be continued.) 





Facutties aT Prussian Tecunicat Hien ScHoois.— 
With the beginning of July new rules as to the divisions 
or faculties of the Technical High Schools have come 
into force in Prussia, There are now four faculties. The 
first remains that of General Science. The second 
faculty of Building Construction will comprise the former 
departments for civil engineering and architecture ; 
the third faculty of Engineering comprises the former 
departments for engine construction, shipbuilding, 
marine engineering and electrotechnics; the fourth 
faculty has been given the somewhat peculiar name of 
Stoffwirtschaft, which may be translated Material 
Economics; the departments covered are chemistry, 
metallurgy and mining, but general chemistry belongs 
to the first faculty. Each faculty selects its dean and 
has to approve of the proposals for courses of studies 
which have been submitted by the various departments ; 
in cases of disagreement the decision rests with the 
Ministry for Education. All students of the engineering 
sciences must have been employed in practical work 
for at least six months, and further time spent in practical 
work may be counted in the minimum study period of 
four years. 





INDUSTRIAL NOTES. 
Tue monthly trade report for July issued by the 
United Patternmakers’ Association states that the loss 
suffered by the Association in the last fifteen months 
down to June of this year amounts to 163,4571., or an 
average of 421. 18s. 6d., calculated on the present 
membership of 12,645. In fifteen months approxi- 
mately 380,812/. have been paid out, the management 
figure for the same time being 23,818/. ; put in another 
way, the report adds, out of every 1001. spent, rather 
more than 85l/. have gone to members in benefits, less 
than 151. being for management. The entire balance 
on December 31, 1920, was 201,223/.; on June 30 last, 
it was only 42,3281. On July 31 this had decreased 
to 38,500/., and it was estimated that unemployment 
was causing expenditure to exceed income by 8401. per 
week. This state of matters in an association formed 
of highly-skilled men, employed in so good a trade is 
greatly to be regretted both for the sake of the men 
themselves, and because it affords another proof of 
the evil days which British industry has been going 
through. We hope matters will soon mend to the 
advantage of the union, and to that of the com- 
munity as a whole: both can contribute to the 
improvement. The same report contains copy of a 
letter written by the sympathetic general president of 
the association, Mr. A. E. Wardale, to the Executive 
Council, tendering his resignation, since he ‘‘ will not 
be able to give the amount of time that will be required 
under the employers’ agreement for discharging his 
duty as president in the best interest of the members, 
to his satisfaction.’” Mr. Wardale’s resignation as 
general president has been regretfully accepted by the 
Executive Council. 





Sir Robert Hadfield, Bart., has sent us a copy of 
a note and diagram he has contributed to Current 
Opinion, in which he states that the present outlook, 
whilst being not all we should like it to be, points to a 
coming improvement. He is confident that the 
Labour representatives and the unions are beginning 
to see that the internecine struggles we have been 
going through during the last few years do not pay. 
The diagram referred to points to the fact that it is to 
the advantage of the worker to obtain a steady rate 
of wage, which ensures a steady average rate of cost 
of commodities produced and consumed. This does 
not mean, adds the note, that the worker should not 
better himself—and all who know Sir Robert are fully 
aware of his regard for his employees—“ but this should 
be done by gradual evolution, a much more certain 
method. This is what was taking place before the 
war.’” The note further states that Russia, before 
the war, was producing about 4,000,000 tons each of 
pig-iron, open-hearth steel and rolled steel, whilst in 
1921, the production was only one-fortieth of these 
quantities. How can that country remain civilised, 
or obtain the necessaries of life, says Sir Robert, 
without the friendly help of iron ? 

The British production of pig-iron in July amounted 
to 399,100 tons, or 30,000 tons more than in June. 
The furnaces in blast at the end of July numbered 117, 
or 2 more than at the end of June. The production 
included 111,400 tons of hematite, 147,000 tons of 
basic pig-iron, 91,000 tons of foundry pig-iron, and 
21,000 tons of forge pig-iron. The production of steel 
ingots and castings amounted to 473,100 tons, a figure 
only once exceeded since the resumption after the coal 
stoppage, namely, in March last, when the production 
was 549,400 tons. The average monthly production 
in 1913 was 855,000 tons of pig-iron and 638,600 tons 
of steel ingots and castings. The average monthly 
production for the seven months of the present year, 
down to July 31, is 364,000 tons of pig-iron and 433,600 
tons of steel ingots and castings. 

With reference to our remarks on page 174 ante 
concerning the dockers’ wages, it is now stated that 
there is to be a reduction of 1s. per day as from 
October 2. Subject to the official cost of living figures 
published in May next showing a fall of 10 full points 
compared with those for September, 1922, a further 
reduction of ls. per day is to take place on June 4, 
1923. The 44-hour week and the guaranteed time 
minimum is maintained. Piecework rates are to be 
reduced by 5 per cent. on October 2, and by another 
5 per cent. on June 4, 1923, in the event of the day 
wage being reduced. Provision is made so that 
earnings on ascertained output shall not be reduced 
by more than ls. 6d. per day. Overtime rates for 
day and piece-workers are to be readjusted in accord- 
ance with the agreement of May, 1920. 

The Newcastle Chronicle and the Mail and Leader, 
also of Newcastle, brought an action last Friday against 
97 men concerned in the printers’ dispute, to recover 
101. in each case for breach of contract, by neglecting, 
or refusing, without lawful excuse, to follow their 
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employment on July 21 and subsequent dates. 
Speaking for the plaintiffs, Mr. H. S. Mundahl said the 
object of the action was simply to vindicate their 
position. Should, therefore, the court decide that 
a” case was made out, it had been agreed that 
the damages should be the noniinal sum of 25s. 
in each case. The Bench, after hearing Mr. J. Meynell 
for the defendants, found that the representatives 
of the Typographical Association acted within their 
authority in submitting the question of wages to the 
Industrial Court, and that the findings of the court 
were binding. The plaintiffs were justified in reducing 
wages in accordance with the award, and the defendants 
were not justified in leaving their employment without 
proper notice. Judgment was given for the plaintiffs 
for ll. 5s. agreed damages and costs in each instance, 
and the Bench agreed to state a case. 

After a series of conferences, the printers’ dispute 
has come to an end and the following agreement has 
been arrived at:— ‘* The Executive Council of the 
Typographical Association agree to recommend their 
members who are out to resume work immediately, 
accepting a first reduction at the rate of 3s. per week. 
They further agree to ballot their members in England, 
Wales and Belfast with a recommendation to accept 
the following reductions in wages: 3s. per week to be 
effective immediately ; a further 3s. per week on the 
pay day in the week ending September 9; a further 
3s. per week on the pay day in the week ending 
November 11, and 3s. 6d. per week on the pay day in 
the week ending May 5, 1923, making a total reduction 
of 12s. 6d. per week. Wages to be stabilised until 
December 31, 1923; no application for reductions or 
increases to be made in the rate of wages payable 
under the terms of the national agreement during that 
period.” 





The coal trimmers and teemers on the Tyne having 
been prevented by their union, the Transport Workers’ 
Union, from working a third shift when trade required, 
the whole of the collieries belonging to the Consett 
Company are laid idle, and the miners and surface 
men involved in the stoppage will soon number some 
10,000. After repeated applications, fhe union offered 
the company “‘2 hours per night at overtime rates 
as an experiment, this equalling a shift and a half 
per week.”’ This offer the company declined, because 
in the first place they did not want to lengthen the 
hours of the men at the Tyne staiths, and ote shift 
and a half would not give the delivery needed; 
secondly, it was not usual to pay overtime rates on a 
third shift system; in the third place, it was of vital 
importance, in the interest of the workers generally, 
that more men should be employed when this could 
properly be done, and it could only be done by working 
a third shift of 8 hours. The company, therefore, 
suggested that the union permit men at the two staiths 
on the Tyne to work a third shift for a trial period of 
three months, as only then could thousands of men be 
kept regularly employed. Collieries belonging to other 
companies are being involved in the dispute. Speaking 
on the subject, Sir Arthur M. Sutherland said that 
the country was now getting back the trade lost in the 
national coal stoppage last year, and was being thwarted 
by a small section of men. It had taken a great effort 
to get the coal markets back, and they could be kept 
only if the coal could be got away quickly. The 
exorbitant rates for overtime asked by the trimmers 
were such that shipowners could not afford to pay 
them. 





The secretary of the London Iron and Steel Exchange 
states that business in foundry pig-iron in the home 
market continues to be depressed as the engineering 
trades are experiencing a slack time, but there is an 
increasing demand for steel-making iron, and one or 
two parcels of Continental basic have been disposed 
of to British steel makers. As a general rule, however, 
the Continental producers are not able to offer their 
iron at figures which are attractive to the British 
users. Negotiations are proceeding on some large 
American inquiries for foundry iron, and although a 
few fair sized orders have been taken by the Continent, 
most of this business has been placed with English 
works. Continental manufacturers are apparently 
also experiencing a brisk call for their products from 
their home customers and are not paying a great deal 
of attention to the British market. In any case, they 
would have to sell at very low figures to meet the 
British makers’ prices when the delivery charges are 
taken into account. Home consumers have bought 
freely ; but there is also a good deal of business hanging 
fire as some buyers are waiting until the autumn trade 
outlook becomes clearer. In the market for finished 
materials the confused price situation which has 
followed the withdrawal of price restrictions by the 
Manufacturers’ Associations has checked business for 
the time being. Buyers generally are disappointed 
that more decisive cuts have not been made, but the 
producers declare that in the majority of cases they 
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are selling without a margin of profit. The autumn 
export trade, however, shows signs of waking up, 
and a fair volume of inquiries from a number of over- 
seas markets have been received of late. 





A characteristic, but very pitiable pronouncement 
by the secretary, Mr. John Hill, is contained in the 
report for August of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders. The state- 
ment we refer to is the following: “. . . I have 
argued with employers recently that it is possible, 
even on the present prices offering for ships and 
machinery, to build ships and engines without a 
further reduction of wages, and if facilities were given 
for an exhaustive inquiry into the whole cost of pro- 
duction, it would be possible to find buyers at these 
prices. I have asked for the facilities for such an 
inquiry, but it is against the ethics of the capitalist 
system to disclose these facts to common working men, 
and the policy of the employing classes to-day is more 
secretive and anti-social than ever it has been. There 
is to be no public or private interference or knowledge 
of how their business is conducted. They claim the 
role of arbitrary right to do exactly as they will with 
what they call their own, including the right to treat 
their human ‘machinery with less consideration than 
any other animals, or inanimate machinery required 
for production As is very generally the 
case, the pronouncement contains no fact—purely 
prejudice. Can Mr. Hill even give evidence to show 
that ‘‘ the employers’ policy is more secretive and anti- 
social to-day than it ever has been?” In times of 
bad trade employers are always secretive, as they do 
not wish to expose the nakedness of the land; a man 
having a dwindling bank balance usually keeps the 
matter to himself. Mr. Hill, moreover, forgets that 
the Government offered the Chepstow shipyard to the 
trade unions at extremely favourable terms, and the 
trade unions absolutely refused to work them. Mr. Hill 
had his chance there, and if he is so concerned that 
“it is possible to build ships and engines 
without a further reduction of wages .”’ why 
did he not take that chance? The doctrine of labour 
“leaders ’’ seems always to be “heads I win, tails 
you lose’’; the risks are to be taken by the employer 
alone, whilst if there is a profit the men have a right 
to it all! 








BOILER EXPLOSION ON BOARD A 
STEAMSHIP. 


A PRELIMINARY inquiry has been made by the Board 
of Trade, under the provisions of the Boiler Explosions 
Acts, 1882 and 1890, with regard to the cause and circum- 
stances of an explosion of a boiler which occurred on 
board the 8.8. Relentless on November 24, 1921, whilst 
the vessel was on a voyage from Bayonne to Newport. 
Fortunately, no one was injured by the explosion. 

The vessel was owned by the Penmark Shipping 
Company, Limited, 47, Mount Stuart-square, Cardiff. 
The boiler was made by Messrs. George Clark, Limited, 
Southwick Engine Works, Sunderland, in 1902, and was 
therefore about nineteen years old at the time of the 
explosion. 

The boiler, which was of the ordinary marine multi- 
tubular single-ended type, was made of steel with the 
exception of the tubes, which were made of lap-welded 
wrought-iron. It was 13 ft. 6} in. in external diameter, 
by 10 ft. 7Z in. inlength. There were three plain furnaces, 
each 3 ft. 5 in. in diameter and 8 ft. 1} in. in length. 
The usual mountings were fitted, and included two 
spring-loaded safety valves adjusted to blow-off at a 
pressure of 160 lb. per square inch. The mountings also 
included a drain plug, 1§ in. diameter, screwed into a 
brass bush my be in diameter, which was in turn screwed 
through the boiler shell plate and locked in position by 
a nut on the inside of the boiler. 

The vessel was classed in Lloyd’s Reigster of Shipping, 
and the boiler was inspected periodically by their 
surveyors, the last occasion being in March, 1921. The 
boiler was also examined at that time by Mr. T. H. 
Bullen, assistant engineer to Mr. T. A. Reed, consulting 
engineer, Cardiff, on behalf of the owners of the vessel. 
The boiler was included in the ordinary insurance policy 
of the vessel with Lloyd’s underwriters. ' 

Mr. Gilbert J. Isaac, engineer surveyor to the Board of 
Trade, states that the Relentless was a screw steamer of 
2,027 tons gross register, propelled by triple expansion 
engines supplied by steam from two single-ended boilers. 

On the date previously mentioned, when the vessel 
was about 70 miles from Bayonne, steam was noticed 
issuing from below the starboard main boiler. The 
volume of steam increased very rapidly, and, before the 
nature of the casualty could be ascertained, it was 
necessary for the engineer in charge and the firemen 
on watch to make their escape from the engine room and 
stokehold ; this occurred at about 2.10 a.m. The engines 
were left running, and continued in motion until about 
3.15 a.m., when they stopped for lack of steam. The 
engineers were able to go below at about 3.20 a.m., 
and the nature of the casualty was then discovered. 

All the water had by this time been blown out of the 
starboard boiler, but fortunately water was just visible 
in the gauge glass of the port boiler. The starboard 
boiler was disconnected, and steam raised on the ‘port 
boiler, the engines being got under way again at ‘about 





4.10 a.m. Upon examination it was found that a*hole 


} in. in diameter was formed in te boiler shell, adjacent 
to the drain plug mounting, and through this the contents 
of the boiler escaped into the stokehold and engine room. 
The boiler was repaired by opening out the hole, making 
it sufficiently large to take a bolt 1} in. in diameter, 
which was jointed in place, and secured by a nut. 

Mr. Isaac, continuing his report, states that the lower 
part of the boiler shell was entirely lagged with non- 
conducting material, held in place by thin sheet steel 
plates, supported by steel bands entirely circling the 
boiler. The drain plug mounting had not been used 
for several years, and was completely covered by the 
lagging ; it was not therefore visible to anyone making 
an inspection of the boiler without having previously 
removed the non-conducting material. It appeared that 
the lagging was last removed for the inspection of the 
boiler shell in June, 1916, and it was stated by the 
chief engineer, who had been in the vessel several years, 
that no corrosion or evidence of leakage was observed 
at that survey. The chief engineer further stated that 
no subsequent indication of leakage at this portion of 
the boiler was observed. 

Judging from the appearance of the shell plate in 
way of the drain plug mounting, it was thought that 
leakage between the mounting and the plate had been 
taking place previous to the date of the explosion, but, 
having regard to the statement made by the chief engineer 
the leakage must have been comparatively slight. 
According to the evidence, the boiler water was generally 
slightly saline, and it was probable that galvanic action 
between the brass of the mounting and the steel plate 
was set up, in which case the plate would be destroyed at 
a comparatively rapid rate. This wasting would prob- 
ably be assisted by the contact of the lagging with the 
plate. Owing to the leakage, the non-conducting material 
would become saturated with moisture, and the conditions 
in these circumstances would be conducive to corrosion 
by rusting. 

Mr. Thomas Carlton, Engineer Surveyor-in-Chief to 
the Board of Trade, in his ‘“ Observations ’’ states “‘ this 
explosion, although unimportant in itself, might have 
had extremely serious consequences had the vessel, 
either by reason of weather or position been less favour- 
ably situated. 

The necessity for the periodical removal of all lagging 
from the lower parts of boiler shells, in order to admit of 
thorough inspection, is clearly shown, as leakage from 
these parts is quite common and in many cases may 
proceed unobserved and unsuspected. 

“Unless timely measures are adopted to prevent 
leakage, it invariably leads to occurrences of this nature.”’ 








THE Co-OrgeRATION OF ENGINEERING SocIETIES ; AN 
ENGINEERING Jornt Councrm.—It is announced that 
proposals for closer co-operation amongst the leading 
engineering institutions, which have recently been under 
consideration, have now received the approval of the 
institutions whose representatives met in conference, 
namely : The Institution of Civil Engineers, the Institu- 
tion of Mechanical Engineers, the Institution of Naval 
Architects, and the Institution of Electrical Engineers : 
and that an Engineering Joint Council composed of 
representatives of these bodies has been formed. Among 
the objects of the Joint Council will be, to improve the 
status of engineers, to secure the better utilisation of 
their services in the country’s interests and the appoint- 
ment of properly-qualified individuals to responsible 
engineering positions, and to prevent the unnecessary 
duplication of activities. It is anticipated that, at a 
later stage, the number of bodies represented on the 
Joint Council may be increased, but this at present 
remains a matter for future consideration for the Joint 
Council and the Institutions concerned. 





Enoine Starter ror Motor Garacres.—We have 
recently witnessed a demonstration of the working of 
an electrically-operated appliance, designed by Mr. G. F. 
Whipple, 38, Newton-road, Rushden, Northants, for 
starting up the engines of heavy motor vehicles in garages. 
The appliance comprises an electric motor mounted on 
a two-wheeled truck, so that it can easily be moved from 
place to place, and driving a horizontal shaft, having two 
universal joints, through suitable reduction gearing. 
The truck has two fixed feet and a third movable foot, 
the latter being operated by a hand lever by means of 
which the truck, when in position, can be raised off the 
wheels and firmly supported on the three feet. The end 
of the universally-jointed shaft is provided with a fitting 
which can be clipped on to the starting handle of the 
vehicle in a few seconds, and, when this has been done, 
the shaft is pushed forward by a hand lever to bring the 
teeth of the dog clutch on the boss of the starting handle 
into engagement with those on the engine shaft. The 
electric motor is then started up by means of a pedal 
lever, controlled by a dash pot, and further movement of 
the same pedal engages a friction clutch on the motor 
shaft, so that the universally-jointed shaft, and conse- 
quently the engine of the motor vehicle, is rotated at 
about 130 r.p.m. ; provision, which we need not describe 
in detail, is made to protect the apparatus from the 
effects of a back fire. When the engine is running under 
its own power, the fitting on the starting handle is 
disengaged, and the — wheeled away. The 
whole operation, although rather complicated to describe 
is quite simple to carry out in practice, and the total 
time required is less than 1 minute. The apparatus 
can also be used for other operations in a garage such 
as the running in of axles, gear boxes, &c. Furthermore, 
arrangements can be made for the attachment of an air 
pump for tyre inflating, as well as for the provision of a 
flexible shaft for drilling, grinding and similar work. 
With these accessories, the appliance would a to 
be of considerable service to owners of a fleet of a dozen 
or more motor vehicles. 
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THE REID AEROPLANE CONTROL 
INDICATOR. 

UNLIKE any other method of locomotion, the move- 
ments of aircraft have to be controlled in three directions 
simultaneously. Leaving out of consideration the 
movements necessary to cause the machine to rise 
from or alight on the ground, it will be understood that 
to effect a horizontal flight in a straight line the pilot 
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the cockpit are necessary to assist the pilot’s judgment. 
The instruments usually employed are an air-speed 
indicator, clinometer and compass. Of these, the 
first mentioned serves to show any deviation from 
horizontal flight since if the nose of the machine is 
turned up or down the speed diminishes or increases. 
The clinometer, which operates on the principle of the 
spirit level and is mounted transversely in the machine, 
indicates a lateral tilt and also shows if the machine 
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Vapi on the dashboard. ay he must watch 
them constantly for the whole period of a flight in which 
the horizon and landmarks are invisible, and this 
constant attention is particularly tedious in night 
flying and in misty weather. These drawbacks, how- 
ever, are absent from the instrument we are about to 
describe, which is being placed upon the market by 
Messrs. Vickers, Limited, Broadway, Westminster, 
S.W. 1, and is made by one of their associated firms, 
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of an aeroplane must keep the attitude of the wings | is correctly banked during a turn, while the compass, 
constant in a fore and aft direction, maintain the left- | of course, indicates any general change in direction 


hand and right-hand wing tips at the same level, | in the horizontal plane. 


and prevent the machine from turning in either 
direction in the horizontal plane. Deviations in either 
of these three directions are corrected by movements 
of the elevator, ailerons, or rudder, the pilot’s trained 
sense of balance being materially assisted by noting 


the position of the horizon, and any convenient land- 


marks, relatively to various parts of the machine. 
When flying at night and in conditions of low visibility, 
these external aids fail and instruments mounted in 


Frequently a gyroscopic turn 
indicator is added to show any small or sudden devia- 
tions in the horizontal plane, the compass, for reasons 
which need not be discussed here, being unreliable, and 
even misleading, as an indicator of movements of this 
type. 

A drawback to the use of the ordinary instruments 
is that the pilot requires to observe them all simul- 
taneously which, in the case of separate instruments, is 
obviously impossible, even if they are mounted close 


Diredtion of Air Flow. <— 
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| Messrs. T. Cooke and Sons, Limited, of York. The 
instrument, known as the Reid control indicator, 
comprises an air speed indicator, clinometer and turn 
indicator, all of which can be observed at a glance, 
since the clinometer and turn indicator operate a 
number of small electric lamps mounted in a single 
casing above and below the dial of the air speed 
indicator. 

Fig. 1, on this page, shows the appearance of the 
indicator of the instrument which is mounted in the 
cock pit immediately in front of the pilot, and Fig. 2 
is a corresponding view with the outer casing removed 
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details of its construction are given in Figs. 4 to 10. 
The air-speed indicator shown in these illustrations 
requires no explanation, being of the ordinary Ogilvie 
type in which the static and dynamic pressure openings 
of a Pitét tube are connected to the opposite sides of a 
flexible diaphragm and the movements of the latter, 
due to the pressure difference, are made to turn a hand 
round a dial. It should be mentioned, however, that 
light from two of the small electric lamps passes through 
glazed openings in the bezel at the top and bottom to 
illuminate the dial; reference to Figs. 4 and 5 will 
make this clear. 
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are each connected to an accumulator or electric 
generator carried on the machine. The quantity of 
mercury filled into the clinometer tube is adjusted so 
that, when the machine is flying with no lateral tilt, 
the free surface of the mercury in each arm is 5 deg. 
below the lowest of the four upper contacts. If, 
however, the machine is tilted over through any angle 
exceeding 5 deg., the mercury will reach one or more 
of the wire contacts and current will flow through the 
mercury to the lamps on the indicator connected with 
those contacts. For instance, if the machine is tilted 
down on the right-hand side to an angle between 
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Fig JOFRONT ELEVATION WITH COVER REMOVED 
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The clinometer, which is mounted at the back“of the 
casing, as shown in Fig. 3, consists of a glass tube bent 
to the form illustrated in Fig. 7 and partly filled with 
mercury. The adjacent upper ends of the tube are 
connected by a short length of rubber tubing, as shown 
in both illustrations, and a constriction is also formed 
in the bottom of the tube to damp out oscillations of the 
mercury. In the lower part of the tube a number of 
platinum wires are fused into the wall in order to 
make electrical contact with the mercury, and of 
these the four upper arranged in a group on each side 
of the centre line, are spaced at an angular distance 
of 5 degrees. These are connected, tively, with 
the four lamps on each side of the centre line in the 
upper part of Fig. 4, and the two separate contacts 
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Fig 1GSIDE ELEVATION WITH PART SECTION SHOWING 
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15 deg. and 20 deg., the three lamps on the right of 
Fig. 4, marked 5 deg., 10 deg. and 15 deg., will be 
lighted, in addition to the central lamp which is always 
lighted while the apparatus is in use. The pilot can 
thus see at a glance the direction and extent of the 
movement of the control lever necessary to restore 
the machine to the level. Following marine practice, 
the lamps indicating a downward tilt to the right hand, 
or starboard, side of the machine are fitted with green 
glass screens, while those on the left, or port side, have 
red coloured glasses. It should also be mentioned 
that in order to adjust the brilliancy of the lamps 
to suit the different conditions of day and night flying, 
a rheostat is provided operated by a short lever on the 
left-hand side of the indicator. Details of this rheostat 
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are given in Fig. 10. The switch illustrated in Fig. 9 
serves to connect the apparatus either to the generator 
or accumulator, and also to cut off the current when tlie 
ap tus is not required. 

or the turn indicator the gyroscope unit illustrated 
in Figs. 12 to 18, on this page, is employed. Fig. 12 
shows the complete unit as mounted in the machine, 
Fig. 13 is a co mding view with the front cover 
removed. Fig. 14 illustrates the method of mounting 
the gyroscope wheel, while the remaining Figs. 15 to 18 
are elevations and sections showing the design and 








construction. The turn indicator, it should be ex- 
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plained, is mounted on a vertical surface in any part 
of the fuselage accessible to the pilot and electrically 
connected with the indicator on the dashboard by 
means of a 12-core cable. The method of driving the 
gyroscope wheel is interesting and novel and will first 
be dealt with. For this purpose, the compound 
Venturi tube, a longitudinal section of which is given in 
Fig. 11, on page 216, is employed. The compound 
tube is mounted with its axis horizontal on one of the 
struts of the machine preferably in the slip stream 
of the propeller, so as to ensure the maximum possible 
flow of air through it. As will be seen from the illus- 
tration, a small inner tube is placed with its outlet at 
the throat of a larger outer tube. The pressure 
reduction produced by the outer tube is communicated 
to and augmented by the inner tube, the throat of 
which is connected by a copper tube to the casing of the 
gyroscope unit. The connection to the casing, which 
is airtight, is made by the screwed nipple shown at the 
bottom of Fig. 16, and a cock operated by a short lever, 
also shown in Fig. 16, is provided so that the con- 
nection can be opened or closed at will. When the 
cock is open and the machine is in flight there is thus 
a considerable reduction in the pressure of air in the 
casing. The only inlet for air is through the nozzle 
shown on the right of Fig. 16, and this nozzle is arranged 
so that the jet of air which enters the casing impinges 
on a series of notches milled in the periphery of the 
gyroscope wheel causing the latter to rotate at about 
6,000 r.p.m. 

As is most clearly shown in Fig. 17, the gyroscope 
wheel is mounted with its axis horizontal in ball 
bearings carried by a ring. The latter is also mounted 
in ball bearings so that it can rotate in a plane at right 
angles to the plane of rotation of the gyroscope wheel 
under the control of two helical springs. The latter 
are most clearly shown in Fig. 15, but are also visible 
in Figs. 12 and 13. The effect of precession, due to 
any @ acceleration of the machine in the hori- 
zontal plane, will thus be to cause the ring to rotate 
in the vertical plane. On one end of the ring is mounted 
a semi-circular strip of silver, which, when the ring 
rotates, makes electrical contact with one or more of 
the spring fingers, as will be clear from an inspection 
of Fig. 15. There are two sets of four contact fingers, 
one set on each side of the vertical axis, and these 
fingers are connected through the 12-core cable, above 
mentioned, to the lamps arranged in a — line 
at the bottom of the indicator, as shown in Figs. 1, 
2 and 4. The lamps are provided with green and red 
glass screens on the starboard and port sides respec- 
tively, as in the case of the lamps indicating a lateral 
tilt. The disposition of the contact fingers in the 

pe unit is such that a turn of the machine in 
either direction in the horizontal plane will cause a 
number of lamps on the indicator to light up corre- 
sponding to the angle and direction of the turn. Any 
deviation indicated in this way can, of course, be 
corrected by means of the rudder bar. To vary the 
sensitiveness of the instrument to suit different weather 
conditions a brake is fitted on the ring carrying the 
gyroscope wheel, the arrangement being best shown 
in Fig. 15. The brake consists of a silk cord passing 
round a grooved pulley on the axis of the ring and also 
over two smaller pulleys, the cord lying along the sides 
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of an equilateral triangle. Of the two smaller pulleys, 
one is fixed to the ring carrying the contact fingers and 
the other is mounted at the end of one arm of a short 
lever. The other arm of this lever is pressed up against 
the conical side of a pointed screw by means of a spring. 
The screw passes through the casing and is provided 
with a knurled head, as shown in Fig. 17, so that. by 
turning the screw, the lever can be moved to. tighten 
or slacken the cord. By this means the precessional 
movement of the gyroscope can be damped to the 
required extent. 

From the foregoing it will be seen that a glance at 
the instrument gives the pilot every indication necessary 
for the operation of the controls to maintain a straight 
and level course, and, in the case of a turn, it will also 
show him whether or not the banking is correct. This, 
we believe, would materially reduce the physical and 
mental strain of a long flight, especially at night or in 
misty weather, and pilots who have used the indicator 
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one cannot dissolve, commercially, more than 6 per cent. 
Fe, consequently its use cannot be adopted for high-Fe 
iron brass of low-Zn content. Commercial Zn-Fe stock- 
alloys are generally prepared by liquidating the hard 
Zn from galvanising works to remove part of the Zn, 
and then heating the Fe-rich residue to a high tempera- 
ture until the desired Fe content is obtained. The 
objection to this by-product is its irregular composition 
and the impurities it carries, 


Errect or [ron on 70/30 Brass. 

To ascertain the effect of iron on 70/30 brass (“‘ alpha’) 
three alloys were made and designated F, Fl, and F2. 
The first contained 70 per cent. Cu and 30 per cent. Zn ; 
the second 69-75 per cent. Cu, 29-75 per cent. Zn, and 
0-5 per cent. Fe; and the last 69-50 per cent. Cu, 
29-50 per cent. Zn, and 1 per cent. iron. The iron was 
introduced by the 10 per cent, Fe, Cu-Fe stock-alloy. 
No peculiarities or difficulties were encountered either 
in melting or pouring. The tensile, impact and hardness 
tests are tabulated in Table V. 
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tends to act as a nucleus for the germination of a 
ay crystal-grain. The true solubility of Fe in 70 /30 

rass is unknown. By ordinary microscopical examina- 
tion the Fe-rich particles are just discernible between 
0-35 per cent. and 0-45 per cent. That the actual solu- 
bility is less than this figure is shown by the grain- 
refining of less quantities than 0-35 per cent. For 
ordinary workshop practice, however, 0-35 per cent. may 
be taken as the solubility limit, this being the safe- 
working limit of iron for articles which are to be spun, 
cupped or drawn. 





Errect oF [Ron on 59/41 Brass (‘‘ ALPHA Beta’’). 

The composition of the materials used were similar to 
those adopted for the 70/30 series, except that the iron 
was introduced into alloy 1.F.2 by means of a Zn-Fe 
stock-alloy and that 24-in. sq. ingots were cast instead of 
l-in. slabs. The tests results are shown in Table VI. 

In ingot form 1-0 per cent. Fe improves both the 
tenacity and shock-resisting properties. No further 
improvement is to be gained by exceeding this quantity 


























































































































have found this to be the case. The apparatus can be TABLE V. 
easily and quickly fitted by a good rigger to any type 
and size of machine for commercial or military work, . 
i ; : Composition. En Sclero- 
and the weight of the whole equipment is only 6} lb. . Y¥.P. | MS. R.A. | Alter- | Izod | Brinell | scope 
Mark. Treatment. « Tons Tons | Cent. per nating | Impact| Hard- Hard- 
i“ be per per Cent. | Impact No. ness ness 
DEVELOPMENT AND MANUFACTURE OF cu. | Zn. | Pe Sq. In.| Sq. In.} 2 an No. No. | No. 
HIGH TENSILE BRASS AND BRONZE.* 
By O. Smatiey, M.Inst.M. (Newcastle-on-Tyne). F. 69-80 | 30-20 | Trace} As cast es ..| 6-50 , 16-70 | 58-00 | 46-20 79 41 55 15 
(Concluded from page 189.) Cold io 460 deg 0. 8-00 | 21-50 | 68-00 | 65-00 _— 61 57 15 
Iron Brass. F.1 69-67 | 29-82 | 0-50 | As cast pa «-| 8-*70 | 19-40 | 58-00 | 47-20 61 49 os | i 
Copper and iron form a heterogeneous series of alloys Pmeea Tsao 0. 9-50 | 22-80 | 65-00 | 67-00 oe “Tt 54 10 
except at the terminals of the curves. Between these/ po | 69-42 | 29-57 | 1-00] Ascast ..  ..| 10-70 | 24-50 | 50-00 | 59-30 | 80 45 76 12 
proportions the alloys consist of two constituents, the Cold rolled and an- | 14-00 | 27-00 | 47-00 | 62-00 pot 63 2 12 
ene rich in iron, the other rich in copper. Carbon and nealed, 700 deg. C. 
copper do not associate in any form, and the presence Cold rolled and an- | 11-00 | 26-50 | 54-00 | 67-00 — — 76 12 
of © in Fe reduces the solubility to the extent that } | nealed, 825 deg. C. 
neither steel nor cast iron can be satisfactorily alloyed | __ ; aoe 
TABLE VI. 
wih Miter hie Savor Diese yniter$sts:! » | | | | 
, j | En. | | Sclero- 
Composition. y.pP.| Ms. per | R.A. | Alter- Brinell | scope 
Mark. |_ __ | Physical Tons | Tons | Cent. | per | Fracture. | nating Fracture. ard- Hard- 
| | | Condition. | per per | on | Cent. | Impact ness ness 
| cu. | Zu, | Fe. | Pb. | |$q. In.\Sq. In.| 2 In. | No. No. No. 
—|—|— | ——|—__] —_ 
| | | | 
1.F. . .|58-96 41-04 | — _ | As cast ..| 8°80 |/24-90 |45-00 |49-70 | Fine, stony, semi-cup and cone - ‘| 79 Fine, granular, silky edges 90 14 
| | | | As forged ../ 9-00 |26-00 |47-50 |62-00 Fine, stony, silky edges wie 87 Fine, granular, silky edges 90 14 
LFA 59°37 39-68 | 0-95 Nil Ascast ..| 9:40 |26-80 |44-00 j44 -60 Fine, silky, semi-cup and cone... Jal 95 Fine, silky, semi-vitreous .. 90 3 
} As forged . .|13-90 28-80 /44-00 63-70 | Fine, granular, cup and cone, silky edges 81 Fine, stony, semi-vitreous . . 107 14 
1.F.2 |59-04 [38-95 | 1-56 | 0-45 | As cast ../11-00 (26-80 |33 -00 |30-60 | Fine, stony, granular, semi-cup and cone 31 Fine, stony .. ae ow - 85 13 
As forged ../13-60 |27-60 |43-00 [59-30 | Fine, granular, cup and cone, silky edges 49 Fine, stony, inclined to be vitreous.. .. 98 15 
1.F.3 ‘li 38°36 | 2-52 Nil | Ascast ../10-00 |26-50 |46-00 |49-70 | Fine, silky, semi-cup and cone aad 71 Fine, slightly more silky in appearance 92 14 
} | } | | than 1.F.1 
| | | As forged . pee {28-30 139-00 |54-60 | Stony, granular, uneven d | 79 Fine, stony, semi-vitreous . . 110 16 
TABLE VIL. 
Composition. YP. | M.S En. | Alter- Brinell Sclero- No. of 
Physical Tans ra per R.A scope Crystal 
ysica Tons Tons | Cent or Fracture. nating ard- Hard- | Grains 
Mark ST ae nt shin Condition. per per | = cont. : Impact ness oa | rj 
Gai |) Bac ft Bevel ly 8q. In. Sq. In. | etn. No. No. No. | Sq. Cm. 
| | ! ! | 
2.F 53-41 46-59 Nil Nil | As cast .. - 9-00 29-70 | 24-00 21-50 | Coarse, crystalline, exhibiting bril- 34 114 | 15 +) 
| | liant lustre 
| As forged oa 8-70 32-80 | 28-00 30-60 | Coarse, flaky, exhibiting brilliant 49 114 | 15 | 483 
yellow crystalline facets, exten- } 
| } | sion uniform over the 2 in. parallel | | 
2.F.1 51-72 47-23 | 1:05 | Nil | As cast .. at 8-00 | 30:90 | 16-00 15-00 | Fine, crystalline, exhibiting brilliant 9 114 | 15 1,765 
| | | crystal facets 
| | As forged me 9-60 33-00 38:00 | 33-50 Flaky, uneven i ee - 39 114 15 | 2,336 
2.F.2 50-77 | 47-03 2-20 Nil As cast .. --| 11-10 33-00 17-00 15-00 Fine, crystalline, exhibiting brilliant 9 114 17 | 2,314 
| | | | | crystal facets | 
| } | As forged ‘ -| 8-60 30°60 | 43-00 | 44°60 | Fine, yellow, almost granular ‘ 85 121 17 2,200 
} | | 
with copper, but merely exist side by side as a mechanical In the cast condition | per cent. Fe is shown to raise | whilst the shock-resisting properties tend to fall; par- 


mixture of one with the other. 
iron. 

Tron may be introduced into brass by means of a 
Cu-Fe or Zn-Fe stock alloy. The preparation of either 
stock alloy is a comparatively simple operation, if certain 
elementary chemical laws are observed and manufacture 
carefully conducted. The first essential in the prepara- 
tion of a Cu-Fe stock alloy is the use of pure iron, not 
steel, cast iron or ferro-manganese, The iron may be 
purchased in sheet form as scrap clippings from horse- 
shoe nails or as Swedish bar-iron. The Cu should be 
melted to a good temperature under a suitable slag, and 
the iron introduced in small quantities at a time up to 
about 10 per cent. and well stirred. When thoroughly 
alloyed, the pot should be withdrewn from the furnace, 
again stirred and quickly poured out into a thin flat 
mould. Unless this latter precaution is taken, there is a 
danger of the iron rich material formed segregating in the 
upper regions of the cast. Correctly made, a 10 per 
cent. Fe, Cu-Fe stock-alloy is soft, and has a Brinell 
hardness of 62 against 55 for pure copper and 92 for 
pure iron, 

Johnson recommends the use of a Zn-Fe stock-alloy, 
prepared by immersing strips of clean sheet-iron in a 
crucible of molten Zn, the temperature of which is 
maintained for several hours at 800 deg. C., in a muffle 
furnace. Luting on the crucible lid is suggested for 
preventing volatilisation. This method is costly on 
account of the difficulties of manufacture ; moreover, 


Zinc readily unites with 





* Paper read before the Institution of British Foundry- 
men, Birmingham Conference, 1922. 





the yield point from 6-5 to 10-7 tons per square inch, 
the tenacity from 16-7 to 24-5 tons sq. in., and the 
Brinell hardness from 55 to 76 without materially affect- 
ing the ductility as measured by both the static and 
dynamic stress tests. After cold-rolling and annealing 
the yield point is raised from 8 to 11 tons per square inch, 
and the tenacity from 21-5 to 26-5 tons per square inch, 
also without affecting the ductility. The most interesting, 
feature is the beneficial effect of iron on the physical 
properties in the cast state, whilst the range of physical 
properties possible from 70/30 brass containing 1 per 
cent. Fe is noteworthy, as they give a yield point of 
10-7 tons to 18-5 tons per square inch, a maximum stress 
of 24-5 tons to 41 tons per square inch, an elongation of 
14 per cent. to 54 per cent., a reduction of area of 44 per 
cent, to 67 per cent., and a Brinell hardness of 72 to 185. 
A series of experiments on the effects of Fe on mallea- 
bility—-which property was determined by cold-rolling 
to destruction, cupping and drawing tests—proved that 
Fe up to 1 per cent. is not detrimental if correctly 
alloyed, the intervening annealings correctly performed 
and the changed physical properties taken to account. 
Fuller details of these tests were published in the “* Metal 
Industry,” Vol. 17, No. 22, page 424. 
Microstructure.—The beneficial influence of Fe in the 
manufacture of brass castings is readily explained, by 
means of the microsco: The outstanding feature is the 
refining effect of small quantities of iron on the texture 
and the improved homogeneity. The explanation of the 
mechanism of its action is not far to seek. Iron exists 
in brass as an insoluble constituent rich in Fe in the 
form of finely-divided particles, each of which acts or 


ticularly is this so in the case of alloy 1.F.2. The low 
ductility of this alloy, however, is accounted for to some 
extent by the crystalline form of the impurities, intro- 
duced by the Zn-Fe alloy, and is typical of the troubles 
encountered when this impure material is used for the 
purpose of introducing iron. Hot-working results in an 
all-round improvement of the tenacity of each alloy, 
having little influence on the ductility, except in the 
case of alloy 1.F.2, which improvement is as expected. 

Microstructure.—The Fe-rich constituent appears to 
be similar in form to that found in the 70/30 brasses, 
although the limit of solubility seems to be increased. 
It exerts a similar action on the crystal growth. 


EFFECT OF IRON ON 53-3/46-7 Brass (“* Bera.’’) 


In view of the fact that the hardness of pure iron is 
similar to that of 59/41 brass, its limitations as a hardener 
or strengthener will be in brasses containing up to 
41 per cent. Zn, and that it will neither effect the tenacity 
nor hardness of “ beta’’ brasses. Its common use in 
high tenacity brasses, therefore, must be a question of 
the manner in which it affects the crystal growth. 
To investigate this, three alloys were made, and 
designated 2F, 2F1, and 2F2. The first contained 53-3 
per cent. Cu and 46-7 per cent. Zn, the second 51-5 per 
cent. Cu, 47-5 per cent. Zn, and 1 per cent. Fe, whilst the 
last one was made up of 51 per cent. Cu, 47 per cent. Zn, 
and 2 per cent. Fe. The copper and zinc were adjusted 
so as to bring each to a similar position in the “ beta”’ 
— area of the copper zinc constitutional diagram. 

aterials used, conditions of manufacture, and method 
of casting were identical with those adopted in the 59/41 
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problematic. The difficulty is to differentiate between 
impurities that are harmful and those that are not. 
Lead, whilst commonly responsible for low test results, 
local weaknesses in castings, forgings and stampings due 
to segregation, patchy appearance of castings and the 
like, is actually an asset in quantities up to 0°70 per 
cent., if homogeneously distributed, both cheapening 
cost and facilitating machining without affecting the 
physical properties. On the other hand, Sn, Al, Fe, Ni, 
V and such special elements of proved value may come 
under the heading of “ harmful impurities,” if present 
unintentionally or incorrectly alloyed. As, Cd, Sb, 
and Bi, are amongst the most pry eee impurities in 
brass, but whilst small quantities of these might be harm- 
ful singly, they may not be objectionable if in com- 
bination with each other or with some other particular 
element. 

Poossibly the most objectionable impurity in high- 
strength brass, and one that does not receive the atten- 
tion it deserves, is Si. In no instance has the author 
found its presence advantageous—small quantities being 
conducive to brittleness without conferring any other 
useful property to compensate for the loss in ductility. 
It is one of the principal hardeners, and is twice as effec- 
tive as Al and ten times that of Zn, weight for weight. 

The real value of Si to the brass founder is as a de- 
oxidant, and it'should be used in the same way as Mg 
and P, which are amongst the best scavengers, but harm- 
ful if any remains in the finished alloy. Mg exerts a 
similar effect to Si. P, if present in quantities of over 
0°15 per cent., causes both blistering and honeycombing. 
CO, 802, N, H, and various hydrocarbon gases, are 
present in all brass, sound and unsound. If during melt- 
ing the charge is overheated or directly contaminated 
with obnoxious fumes, they are absorbed in excessive 
quantities, and their evolution on cooling is the principal 
cause of blowholes in castings. 


PROBLEMS OF MANUFACTURE. 


On discussing the manufacture of manganese bronze 
with the owner of a large brass foundry, he expressed 
the opinion that the difficulties were such that he did 
not consider them commercial alloys. This appears to 
be common experience, yet they are not impossible 
alloys if the precautions outlined in the first section of 
this paper are followed. Certainly Al, Fe, Mn, Ni 
and such metals are amongst the most dangerous materials 
in the brass foundry, and require both a metallurgical 
knowledge and consummate care in handling, but, apart 
from these, the actual difficulties of manufacture are no 
greater than those of ordinary brass. 

Melting.—Briefly stated, the principal features to be 
observed in melting are:—{1) Preparation of suitable 
stock alloys for the introduction of the more refractory 
metals. (2) Correct selection of materials; calculating 
the mixtures from their actual chemical composition, 
and allowing for melting losses. (3) Carefully weigh- 
ing out the necessary additions and charging in their 
correct order. (4) Avoid the use of scrap of doubtful 
chemical composition, particularly with regard to Fe, 
Al, Sn, Si, and dross contamination. (5) Melt as ——— 
as possible in a neutral or slightly reducing atmosphere, 
but never superheat more than 20 per cent. of the actual 
melting temperature and control pyrometrically. (6) 
Avoid retention in the furnace for long periods after 
correctly melting. Where this is impossible, carefully 
control the temperature, cover with a protecting slag, 
and adjust for Zn losses (7) Mix well, but do not 
oxidise in so doing. (8) Deoxidise with a little phosphor- 
copper or phosphor-tin just before casting if the alloy 
contains Mn; if Mn is absent, as in the Ni-Al-Fe-brasses, 
a little copper-manganese is beneficial both as a de- 
oxidant and desulphuriser. (9) Avoid as far as possible 
contamination with slag in the ladle. 

Crucible Melting.—If melted in the crucible, no diffi- 
culties present themselves other than those mentioned in 
the preparation of the development alloys. Despite the 
high cost of fuel and crucibles, this is still the most 
commonly used method, and is favoured because of the 
flexibility of temperature control, the ease of mixing, low 
melting losses and protection from dirt and obnoxious 
gases during melting. At the same time, the open- 
hearth furnace is of particular value for the manufacture 
of large castings. Where first cost permits, the gas 
producer regenerator or recuperator type is recom- 
mended. It is flexible, economical and efficient. The 
coal-fired open-hearth furnace is commonly installed, 
but it is costly to run, and both the temperature and 
composition of the metal are difficult to control. 

The thermal efficiency of the oil-fired open-hearth 
furnace works out roughly at about twice that of the 
ordinary coal-fired air-furnace. Lighters-up, furnace- 
men, and ash-removers are dispensed with, and flexibility 
of control of the furnace is a decided advantage. The 
fierceness of the oil flame is a disadvantage to this furnace, 
although by the aid of a burner, permitting of accurate 
regulation of both oil and air, and by the use of a good 
fuel-oil no trouble should be encountered in this direction. 

The common objection to all open-hearth furnaces for 
the melting of special brasses is the large surface of metal 
exposed to the furnace gases, which, if oxidising or 
sulphurous in nature, are injurious. A few logs of hard- 
wood charged during the melting-down period, an 
occasional shovelful of hardwood charcoal or anthracite 
coal, and a suitable protecting flux remedy this. The 
choice of the flux is extensive, but either of the following 
may be recommended :—(1) Equal parts by weight of 
plaster of paris and fluorspar ; (b) soda ash, 30 per cent. ; 
fine silica sand, 20 per cent. ; fluorspar, 33 per cent. ; 
and borax, 17 per cent. by weight. These should be 
ground down, 2 per cent. to 3 per cent. by weight of the 
charge being sufficient. Melting should not be forced. 

Electric Furnace.—This is the ideal melting furnace so 
far as quality of metal is concerned. With either the 
direct or indirect resistance or induction furnace melting 





is almost automatic, Zn losses and impurity contamina- 
tion are reduced to a minimum, and melting temperature 
under perfect control. Unfortunately, electricity is not 
commercially possible in this country, and the crucible 
resistance furnace—an ideal brass melting furnace— 
on trial under actual foundry conditions, proved to be 
costly in both current and crucibles. The induction 
furnace is flexible, but costly in consumption. The 
indirect-arc rocking-furnace appears to be a promising 
development, but having no working experience, the 
author can express no opinion. 

Scrap.—For high- © castings only approved scrap 
should be used. here the chemical composition is 
uncertain, and when the metal is either of undesirable 
form or dirty, it should be run down into pigs. In the 
recovery of brass swarf, all scrap contaminated with 
white metal and excessive oxide should be thrown on one 
side, and the remainder passed through a magnetic 
separator. If briquetting is possible, 2 per cent. to 3 per 
cent. of borax or plaster of paris should be mixed in and 
rape with water immediately before pressing. If 
this procedure is not possible, the swarf should be mixed 
with 3 per cent. to 5 per cent. plaster of paris or 5 per 
cent. of the No. 2 flux mixture given above, together with 
a little coal dust, and melting with a reducing flame. 

The objection to the use a tome in the open-hearth 
furnace lined with ganister, is the accumulation of slag 
which banks up the hearth and puts the furnace out of 
commission. o avoid this, the bottom should be 
flowed with a suitable flux such as plaster of paris, or 
this material in conjunction with soda ash and fluor- 
spar, according to the nature of the slag. 

Removal of Iron.—lIron, existing as a Fe-rich con- 
stituent of lower density than brass, rises to the surface 
on melting. By using a siliceous slag, and an oxidising 
atmosphere, much of the iron may be oxidised out into 
the slag as a ferrous silicate. 

Removal of Sulphur.—Some protection against this 
obnoxious impurity is afforded by the introduction of a 
little NaCl into the melt. This should be worked in 
from the bottom, followed by a little Cu-Mn, which 
procedure is a safeguard against gas-holes and porosity, 
common defects of castin, mood, from scrap. With 
correctly refined scrap of desired composition up to 60 
per cent. may be used with safety. Of the ordinary 
domestic scrap, such as gits, risers and clean overflow 
metal, no more than 30 per cent. is recommended. All 
scrap should be tested carefully for Si, As, Sn, and Sb. 


CasTING, 


Ingots and Chill Castings.—Ingot moulds should be 
short and squat rather than long and thin, and slightly 
wider at the top than at the bottom. Both ingot 
moulds and chill moulds should be preheated to a 
temperture of 37 deg. to 93 deg. C., cleaned with a 
steel brush and dressed with an organic material. When 
a clean, smooth skin is desired, a simple tallow or heavy 
mineral oil dressing is recommended. For general 
work, a facing of tar followed by a second one con- 
sisting of a mixture of dark cylinder-oil of over 205 deg. 
C, flash point, mixed with powdered charcoal and followed 
by a dusting of fine charcoal. Polishing-in of black- 
lead or smoking with burning resin or creosote oil is 
quite satisfactory for ingots, and does not belch forth 
the obnoxious fumes and flames common to oil and tar 
dressings. 

Speaking generally, 10 per cent. superheat is a satis- 
factory casting temperature, although for heavy ingots, 
it may be reduced to 7 per cent. Top-pouring through a 
specially prepared. runner basin is recommended, A 
refractory head is an advantage, but not essential, if 
the caster understands his job. For the manufacture of 
high-class stampings or sheet, machining the skin of the 
ingot or slab may be found advantageous. 

Green Sand, Dry Sand, and Loam Castings.—The 
success in the manufacture of any brass casting, mainly 
depends upon the selection of the correct moulding 
materials, and the individual skill of the moulder. There 
is not time here to detail the preparation of moulding 
sands and loam, so the problems dealing with such must 
be reserved for alater date. Briefly stated, the technical 
properties to be controlled in a moulding sand are :— 
(1) nd, i.e., strength; (2) grain size or texture; (3) 
heat conductivity ; (4) refractoriness ; (5) permeability 
and longevity. 

Having once established a means to control and 
standardise the mixtures for the various classes of work, 
many of the moulder’s problems automatically disappear, 
and the economies effected soon compensate for the 
initial expenditure necessary. In green-sand moulding 
alone, the preparation of synthetic-moulding sand has 
effected a saving in moulding costs of not less than 20 

cent. 

Conditions governing the choice of mould— n, 
dry sand or loam—and the —— principles of moulding, 
are very similar to those of ordinary brass-castings, and 
call for no special comment. 

Gating and Feeding.—W ithout doubt this is the cardinal 
problem of the moulder. Wrong gating and feeding are 
responsible for more defective work than any other 
operation in the foundry. They call for an elementary 
knowledge of both physics and mechanics, together 
with practical experience—without which, it is im- 
possible to make a commercial casting, 1.e., a good 
quality casting for the minimum expenditure of time, 
labour and materials. It is folly to attempt to lay down 
hard and fast rules, as almost every class of casting 
a its own difficulties. The principal points to 

e observed in gating and the fixing of risers are :— 

Gite—({1) To fill the mould so that the stream of metal 
is continuous and not broken up on entering the mould. 
Wherever possible, run from the bottom or on the level 
with a good head. This is particularly important in 
brasses containing aluminium and manganese, which 
must be cast under the exclusion of air as far as possible. 


(2) To prevent dross from entering the mould. For 
flat, circular castings, a whirlgate is preferable; for 
cylinders and the like, run from the bottom by means of 
a series of tangentially cut ‘“‘V” shaped jets; and for 
neral castings, an ordinary skimgate. (3) To arrange 
or a straight run of the metal and to avoid direct con- 
tacting on delicate cores or projections in the mould. 
Avoid sharp angles at turning points. 

Feeding.—{1) Mould in such a way that the heav 
sections are placed in the upper part of the mould. 
(2) Connect the heavy sections, which are shut off from 
the lighter sections, to a good feeding riser, by a section 
of increasing dimensions, (3) Use chills on the thicker 
sections to equalise the rate of coanee: (4) Use risers 
or flows of conical form appreciably at the top 
than the thickest section of the job. (5) Place risers at 
the highest point of the castings and directly above the 
thickest sections. (6) It is false economy to cut down the 
number or size of the risers, and small dummy risers 
should be placed where dirt is likely to be trapped. (7) 
Risers should be filled preferably with hot metal from 
another ladle or crucible. (8) Where rod feedi is 
necessary, choose the right section of rod and pre-heat 
before immersing, 

Pouring Dishes.—These should be designed so that 
bottom pouring is always obtained, so preventing the 
entrance of scum into the mould, To this end, deep 

ouring dishes and cast-iron pluge are an ——— 
or large important castings, the pouring dishes should 
hold at least one-third the weight of the casting. 

Pouring.—In the final ——- of pouring, the first 
and foremost factor controlling the production of sound 
castings is the selection of the correct casting tempera- 
ture from the dimensions and requirements of the job. 
Never cast with under 6 per cent. superheat nor over 
15 per cent. The casting temperature of these alloys 
usually range between 930 deg. C. to 1,030 deg. C., accord- 
ing to the chemical composition, &c. The actual casting 
temperature, however, is best found from Fig. 1, adding 
the desired percentage or superheat to the melting point 
figure. For actual foundry use, small quantities of 
special metals (under 0-5 per cent.) need not be taken 
into account. Exceeding this amount, they should be 
calculated back into either Cu or Zn equivalents. When 
the alloy is complex an actual freezing temperature 
determination is the only satisfactory method. If cast 
with metal on the cold side, short runs, low strength, 
brittleness, drawing, blowholes, cracks and mechanically 
contaminated oxide are the principal defects encoun- 
tered. If too hot, honeycombing, wrong composition, 
eee physical tests, weak crystal zones and segregation. 
Whilst absolute control of casting temperature is appreci- 
ated by all founders, there are few who actually measure 
it from day today. This may be attributed to the want 
of a reliable instrument. To anyone interested in 
foundry pyrometers, the author would refer them to a 
veneer given by J. Arnctt (Proceedings, B.F.A., August, 
1920). and a paper read to the Newcastle Section of the 
Institute, March, 1922. 

In concluding, the author desires to express his thanks 
to the Directors of Sir W. G. Armstrong, Whitworth 
& Co., Limited, for their permission to publish this 
paper; particularly to Sir G. Hadcock, F.R.8.; also to 
recognise the invaluable assistance and advice rendered 
by Mr. Homfrey, chief of the brass department, and to 
thank Mr, Adam for his kind indulgence, encouragement 
and keen interest evinced throughout. 





CoMMERCIAL TEsts OF DyYNAMO AND MorTor, ARMa- 
TURES,—We have received from the Igranic Electric 
Company, Limited, of Bedford, particulars of a new 
device called the “‘Chapman Armeter,’”’ designed for 
the simple and rapid testing of motor and dynamo 
armatures. It consists of a kind of cylindrical cap 
with internally-projecting spring contact fingers, cash 
of which corresponds to a bar of the armature to be 
tested. There is a circle of small electric lamps con- 
nected between the spring fingers, and when the latter 
are in contact with the armature bars, if the winding 
is perfect the lamps light up with equal brilliancy. 
Short circuits open circuits and other defects, together 
with their position round the armature are indicated by 
the behaviour of the lamps. The apparatus is usually 
built for use with alternating current of 60 cycles and 
110 volts, but may be constructed for other periodicities 
and pressures. here appears to be no reason why it 
should not be equally suitable for use with continuous 
current, and it should save a great deal of time in works 
manufacturing large numbers of armatures of similar 
types. 





THe Ranp Warer Svurpty.—In the year endi 
March 31, 1922, the Rand Water Board suppli 
3,973,000,000 gallons of water, of which nearly 46 per 
cent. was furnished to municipalities, 41-3 per cent. 
to crushing mines, 1-26 per cent. to non-crushing mines, 
8-75 per cent. to the South African Railways, and 
1-67 per cent. to the Victoria Falls and Transvaal Power 
Company. An interesting little note deserving of 
attention by British manufacturers finds place in the 
latest report of the Board. The Board ordered two sets 
of remote control gear in connection with pumping from 
bore holes. One ordered from America arrived complete 
and was duly installed. The other ordered from a 
British maker arrived incomplete, and at the time of 
reporting had not yet been installed. It was expected 
to bring the Vaal barrage into use this August. The 
estimated cost of this barrage, which was described in 
ENGINEERING some time ago (see page 325, Vol. CXII), 
is £477,000. The barrage will result in a reservoir 40 
miles long impounding 13,633,000,000 gallons. The 
barrage has a length of 1,400 ft. and it is provided with 
36 gates, 30 ft. wide by 25 ft. deep, weighing with gear, 





&c., about 100 tons each. 
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“ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTRAOTS OF REGENT PUBLISHED 
SPEOIFIOATIONS UNDER THE AOTS OF 1907 AND 1919.3 


The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 


illust 4 
Where inventions are communicated from abroad, the Names, &c., 
given in jics. 
of Specifications may be obtained at the Patent Office, Sales 
, 25, Si me pt Buildings, Chancery-lane, W.C., at 
ice of 1a. 


the uniform 

The date of advertisement of the acceptance of a Complete 
Specification is, in each >. 7 of the abstract, unless the 
Patent has been sealed, when word “ Sealed’ is a > 

Any person may, at any time within two months from the date of 
the ad » t of a Complete Specification, 
give notice at the atont Office of opposition to the grant of 
Patent on any of the grounds mente in the Acts 


ELECTRICAL APPARATUS. 


156,654. Gesellschaft fir Drahtlose Telegraphie, m.b.H., 
Berlin, Germany. Wireless Antenna Systems. (1 Fig.) 
October 11, 1919.—This invention relates to an antenna system 
which enables sending and receiving to be carried on simul- 
taneously with different wave-lengths on a single antenna. 
The antenna is divided below the coupling to the transmitter into 
two branches, a receiver being connected at points where the 
potential due to the transmitter is substantially zero. 8 is a 
transmitting circuit coupled with an antenna in which a micro- 
phone M is also connected. Below the microphone the antenna 








(56.654 


is branched at the point A into two branches a, 6, which are 
reunited at the point B close to the earth connection. The 
branch b comprises a rejector circuit Ar tuned to the waves 
to be received and a condenser C by which the whole branch } 
is tuned to the transmitted waves. Therefore at the points 
A and B the potential due to the transmitter is substantially 
zero. The receiver R is coupled to the branch a in which is a re- 
jector circuit A s tuned to the transmitted waves. It will be seen 
that since the potential due to the transmitter is substantially 
zero at the points A and B, the receiver will be unaffected by the 
transmitter. Also practically the whole of the received energy 
will pass through the branch a owing to the rejector circuit A.r 
in the branch{b. (Accepted May 24, 1922.) 


158,901. Gesellschaft fiir Drahtlose Telegagghte, sabi ~ 
Berlin, Germany. Wireless Telephone Transmitters. 
(1 Fig.) February 9, 1920.—A wireless telephone transmitter 
in which the speech currents affect an auxiliary thermionic valve 
arranged in the feed circuit of a main valve, is already known. 
According to the present invention, the speech currents are 
applied between the grid and filament of a valve connected in 
series with a direct-current and alternating-current resistance 
directly between the terminals of the high-tension source and 
the direct current, together with the superimposed speech 
currents flowing in the inductance is caused to affect the potential 
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of the grid of the auxiliary valve in the feed circuit of the main 
valve or valves. In parallel with the main valves 1, 1 are 
connected a valve 2 and a direct-current and alternating-current 
resistance 3 in series across the high-tension leads. The grid 
filament circuit of the valve 2 includes the secondary of a trans- 
former 4, the primary of which is in the eircuit-of a microphone 5. 
The filament of valve 2 is also connec: ed to the grid of an auxiliary 
valve 6 and through the inductance 3 to the filament of this 
latter valve. 7 is an ohmic resistance in shunt with the auxiliary 
valve 6 in order to ensure the maintenance of the oscillatory 
condition of the generator valves 1. (Accepted May 24, 1922. 


167,159. Metropolitan-Vickers Electrical Company, 
Limited, Westminster (Assignees of R. E. Hellmund, Swiss- 
vale, United States of America). Dynamo-Electrical Machines. 
(5 Figs.) July 30, 1920.—This invention relates particu- 
larly to devices for suppressing or eliminating flashing-over 
of commutator eviinders. According to the invention, a com- 
mutator dynamo-electric machine is provided with a body of 
high magnetic conductivity located in proximity to the point of 
contact of the brush and commutator so that magnetic fluxes 
are diverted from said point of contact. A shaft 1 is journalled 
in a bearing 2 supported on the frame 3 of a dynamo-electric 
machine. The shaft 1 carries an armature 4 having a com- 
mutator 5 of usual construction and co-acting with a stator 





field coil 6. A brush holder 7 is secured to the frame 3 and is 
provided with a number of carbon brushes 8 for contact with the 
commutator 5. <A rect 1 ducting el t 9, formed of 
material having a relatively high co-efficient of magnetic con- 
ductivity, such as soft iron or an annealed iron casting, surrounds 
the brush-holder 7 adjacent the lower portion thereof, and is 
secured thereto by means of screws at a point in proximity to the 
cylinder 5. The conducting element 9, preferably comprising 
side members 11 and end members 12 and 13, is so arranged as to 
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lie in a fleld of stray magnetic fluxes F existing between the 
stator coil 6 and the frame 3 of the machine, in the vicinity of the 
point of contact between the brushes 8 and the commutator 
cylinder 5. By this arrangement, the fluxes F, following the 
path of least resistance are collected and confined to a particular 
locality remote from the point of contact between the brushes 
and the commutator cylinder. These ordinarily disturbing 
lines of force are thus prevented from influencing or diverting 
an arc that may be formed by the brushes jarring out of contact 
with the commutator cylinder. (Sealed.) 


179,320. J. W. Burleigh, Burnham-on-Sea. Dynamo- 
Electric Machines. (4 Figs.) February 5, 1921.—The inven- 
tion has relation to bipolar dynamo-electric machines, and in 
such machines, according to this invention, each pole is constituted 
of two parts or limbs united by metal of smaller cross-sectional 
area than that of the yoke, the two parts or limbs are disposed 
so that the angle between their axes is large and each pole is 
excited by a single former-wound and arch-shaped exciting coil 
disposed on the parts or limbs so that the portions contained in 
the spaces between the poles are not brought into the neutral 
zone of the armature. 1, 2 are the limbs constituting one pole 
and 3, 4 are the limbs constituting the other pole. The limbs 
1, 2 are excited by a single former-wound and arch-shaped 
coil 5, and the limbs 3, 4 by a single former-wound and arch- 
shaped coil 6. The parts 7 of the yoke uniting the limbs 1, 2 
and the yoke part 8 uniting the Jimbs 3, 4 are cut away. The 
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limbs 1, 2 are inclined so that a large space 9 is contained between 
them and what is left of the yoke part 7, their adjacent edges 10 
being in proximity. The limbs 3, 4 are similarly disposed, 
11 being the enclosed space and 12 their adjacent edges. 
The outer edge of each of the limbs 1, 2, 3, 4 has a pole tip 13, 
and these pole tips are such that the outer faces 14 of the pole 
tips of the limbs 1, 2 are parallel or nearly parallel as also are the 
outer faces 14 of the pole tips of the limbs 3,4. This construction 
permits the coil 5 or 6 to be placed on or withdrawn from the 
parts 1, 2 or 3, 4 directly and by movement in a straight line. 
The magnet system is preferably of cast-iron, the yoke, poles and 

le tips being in one casting. The coils 5 and 6 lie close to the 
imbs 1, 2 and 3, 4, respectively, when passing through the space 
between the poles and are preferably spread out at the sides 
of the poles to admit of cooling air being passed between the coil 
and parts or limbs and through the parts 7, 8 of the yoke. 
(Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


179,805. Swan, Hunter and Wigham Richardson, 
Limited, Walker ,Newcastle-on-Tyne, F. Rowntree, Monk- 
seaton, and P. Belyavin, Newcastle-on-Tyne. Cylinder 
Covers. (3 Figs.) April 26, 1921.—According to this invention, 
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the inner wall of the cover, which is subjected to the heat of the 
combustion space, is connected by flexible connecting means 
(which may be in the form of an intermediate flexible wail or 
flexible ribs) to the rigid outside wall of the cover. A is the body 
of the cover having the outer rigid wall B. C is the inner or 
combustion space wall. D is the cylinder to which the cover is 





bolted. The water jacket £ is formed between the inner wall C 
and the intermediate wall F, which two walls join at the lower 
ends where they form a pressure-tight joint with the cylinder D. 
The wall F is connected to the outer rigid wall B by the radial 
ribs G, which ribs are confined to the upper portion of the walls 
so as to leave an unsupported part f of the intermediate wall F 
free to yield to the stresses due to the expansion and contraction 
of thei nner wall C. (Accepted May 24, 1922.) 


179,199. G. Keith, London, and G. Keith, London, M. 
Keith, London, E. Beattie, London, and J. Jobson, London. 
Gas Governor. (1 Fig.) July 4, 1921.—This relates to 
a gas governor of the type including a loaded diaphragm con- 
trolling a relay valve and thereby controlling a gas valve, in 
which the operation of the relay valve is effected through the 
intermediary of a lever arranged to magnify the stroke of the 
diaphragm. The essential feature of novelty is the interposition of 
a rtition between the loaded diaphragm and the lever, the 
reduced gas pressure being communicated to the underside of 
the loaded diaphragm by way of a controllable port. The gas 
enters at A and thence passes into an annulus surrounding the 
valve seat B. The valve P forms a portion of a diaphragm C 
which is held in place by a cover D. After the gas has been 
reduced in pressure it passes into the outlet chamber E. On the 














top of the outlet chamber there is mounted a diaphragm F held 
in position by a casing G, which is fitted with an additional 
cover H held in place by thumb nuts. The reduced gas pressure 
is communicated to the underside of the diaphragm F by a small 
port controlled by a screw J. The diaphragm F is loaded to 
the desired low pressure by means of weights K. The diaphragm F 
is arranged to operate a stem L which, in turn, engages with 
the end of the lever M. The diaphragm F controls the short 
end of this lever M. The other end of the lever M operates a 
small pilot or relay valve O fixed in the centre of the diaphragm C. 
The operation of this pilot valve O controls the operation of the 
main valve P attached to the diaphragm C. It should be under- 
stood that the main valve P is operated by the inlet pressure 
so that the force which the diaphragm F has to exert only amounts 
to that required to work the small pilot valve O. (Sealed.) 


179,876. H. Baume, Aylesbury, and The Cubitts’ 
Engineering Company, Limited, Aylesbury. Piston. 
(4 Figs.) October 17, 1921.—<According to this invention, the 
piston is formed of aluminium or an aluminium alloy by casting. 
It is of usual shape and is recessed in known manner on the 
lower portion or skirt 9 close up to the gudgeon pin bearings 8 


Fig.2 
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for the reception of the ring of cast-iron 11, and is characterised, by 
the provision of a bevelled inner face 13 on the lower edge 12 
of the cast-iron ring 11, and forming a roughened, serrated or 
grooved surface 15 on this bevelled face, so that when the lower 
edge of the skirt of the aluminium piston is spun over it will 
engage firmly therewith, and ensure a complete union between 
the ring and the skirt. (Accepted May 24, 1922.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


179,807. F.R. Simms, London, and Simms Motor Units 
(1920), Limited, London. Shaft Couplings. (10 Figs.) 
April 27, 1921.—This invention relates to the class of coupling 
comprising a toothed disc on each of the two shafts to be con- 
nected, both of which discs mesh with a toothed intermediate 
rubber ring, which is subjected to compression between the 
teeth of the opposed coupling discs. According to the invention, 
the opposed teeth of the two parts of the coupling are formed 
with recesses in which are arranged plugs or pads of rubber 
which project on either side of the teeth. a,b are the two parts 
of the coupling and c¢, d are the teeth thereon, respectively ; 
e is the intermediate ring of rubber having two sets of teeth f, 9 


Fig i. 








which mesh with the teeth c, d, respectively. The teeth ¢, d 
and the corresponding depressions or recesses in the ring ¢ are 
made of such a depth that they overlap, and the portions of the 
ring located between adjacent opposed teeth are consequently 
subjected to compression by the teeth so that there is no liability 
to tear or strip the ring e when serving to transmit high powers 
as would be the case if the opposed teeth did not so overlap. 
h indicates the recesses provided in each tooth e¢, d, and i is the 
plug or pad of rubber of a thickness greater than that of the 
tooth, so that the pad projects on either side thereof and thus 
provides an elastic contact surface for the teeth of the ring @ 
( Accepted May 24, 1922. 





